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PREFACE. 


The  original  MS.  of  the  Principles  of  Geology  was  de- 
livered to  the  publisher  in  1827;  but  the  greater  portion  of 
it  was  then  iti  an  unfinished  state,  the  chapters  on  the  early 
history  of  Geology,  and  those  on  "  the  Inorganic  Causes 
of  Change,"  being  the  only  ones  then  nearly  ready  for  the 
press.  The  Work  was  at  that  time  intended  to  form  two 
octavo  volumes,  which  were  to  appear  in  the  course  of  the 
year  following.  Their  publication,  however,  was  delayed 
by  various  geological  tours  which  I  made  in  the  years 
1928,  1829,  1830,  and  1831,  in  France,  Italy,  Sicily,  and 
Germany.  The  following  were  the  dates  when  the  suc- 
cessive volumes  and  editions  finally  appeared : — 

1st  Vol.  in  octavo     .....  Jan.  1830. 

2d  Vol.        do.          ....           .  Jan.  1832. 

Ist  Vol.  2d  edition  in  octavo  1832. 

2d  Vol.  2d  edition        do.    .            .                        .  Jan.  1833. 

dd  Vol.  Ist  edition      do.    .           .                        .  May  1833. 

New  edition   (called  the  3d)  of  the  whole  work 

in  4  vols.  I2mo.     .....  May  1834. 

4th  edition,  4  vgls.  12mo.     ....  June  1835. 

I  have  acknowledged  on  former  occasions  the  valuable 
assistance  afibrded  me  by  several  of  my  friends  in  the  exe- 
cution of  this  work,  and  have  especially  returned  my 
thanks  to  Mr.  Murchison,  Mr.  Broderip,  Dr.  Fitton,  Mr. 
Lonsdale,  and  Capt.  Basil  Hall,  for  their  zealous  co-opera- 
tion, and  for  the  corrections  and  improvements  which  were 
adopted  at  their  suggestion. 
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In  the  Prefaces  to  the  third  and  fourth  editions,  I  gave 
lists  of  the  places  where  new  matter  had  been  introduced, 
or  where  opinions  expressed  in  former  editions  had  been 
modified  or  renounced.  I  shall  now  again  subjoin  a  simi- 
lar list  for  the  sake  of  those  readers  who  have  already 
studied  this  work,  but  who  may  wish  to  refer  at  once  to 
the  additions  and  corrections  now  made  for  the  first  time. 


List  of  the  principal  Alterations  and  Additions  in  the  Fifth 

Edition^  as  compared  to  the  Fourth 

VOLUME  I. 

Delage  of  the  Chinese  .......  28 

Legend  of  the  Seven  Sleepers  ......  86 

Hamboldt  on  preservation  of  animals  in  frozen  mnd  .        107 

Stranding  of  icebergs  on  west  coast  of  Iceland  117,  118 

Raised  beaches  in  Carlingfbrd  Bay,  Ireland      ....         142 

Omission  of  remarks  on  the  origin  of  the  valleys  of  the  Moselle  and 
Mouse  ........        170 

Account  of  Edmonstone  Island  corrected         ....        226 

Arago  on  causes  of  currents,  and  on  relative  level  of  the  Red  Sea  and 
Mediterranean  .......         241 

On  the  formation  of  Shingle  beaches    ....  266,  267 

Dr.  Daubeny  on  a  volcanic  band  across  the  Italian  peninsula  .  801,  802 

Theory  of  elevation-craters  recast,  with  many  additions  and  new  illus- 
trations ........         357 

Account  of  the  earthquake  in  Chili,  February  1835,  added ;  with  Map 

of  ChUi  and  plan  of  the  Harbour  of  Conception       .  .        877 

Dr.  Meyen  on  proofs  of  elevation  of  land  in  Chili,  1822  .  880,  381 

On  the  effects  of  earthquakes  in  the  excavation  of  valleys,  recast         409,  410 
Von  Buch  on  the  elevation  of  Scandinavia     ....        441 

Account  of  the  subsidence  of  Greenland  enlaiged  447 


VOLUME  II. 

Sir  John  Herschel  on  the  vegetation  of  seeds  afler  exposure  to  great 

heat    .........  17 

Dr.  Beck  on  the  great  range  of  some  species  of  testacea                    .  41,  42 
Srman  on  the  level  of  the  Caspian       .                       .                       .  82,  83 
Account  of  Submarine  Forests,  transferred  to  this  place  from  Chap- 
ter xvi.           ........  140 

Loess  of  the  Valley  of  the  Rhine,  the  whole  recast  with  additions  260 
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Slope  of  recent  strata  in  the  modem  delta  of  the  Kander  in  Lake  of 

Thun 812 

Crag  of  Norfolk  and  Sofiblk,  and  overlying  deposit.     The  whole  of 

this  chapter  recast     .......        818 

M.  Dufr^oj  on  the  tertiary  strata  of  the  basin  of  the  Gironde  844,  845^  846 
Note  on  the  latest  opinions  respecting  an  alleged  difference  of  level 

between  the  Caspian  and  Black  Seas  892;  888 

IVofessor  Sedwick  and  Sir  J.  Herschel  on  the  causes  of  the  cleavage 
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A  general  view  or  summary  of  the  contents  of  this  work 
cannot  fail  to  be  useful  in  pointing  out  more  clearly  the 
course  of  reasoning  adopted,  and  the  order  in  which  the 
different  subjects  are  treated.  I  therefore  hope  that  the 
student,  by  referring  from  time  to  time  to  the  subjoined 
summary,  will  more  easily  understand  the  plan  of  the 
whole,  and  the  bearing  on  geology  of  several  digressions 
which  I  have  introduced  on  collateral  topics,  especially  on 
certain  departments  of  natural  history. 


GENERAL  VIEW  OR  SUMMARY  OF  THE  PRINCIPLES 

OF  GEOLOGY. 

After  some  observations  on  the  nature  and  objects  of 
Geology  (Chap.  I.  Vol.  I.),  a  sketch  is  given  of  the  pro- 
gress of  opinion  in  this  science,  from  the  times  of  the 
earliest  known  writers  to  our  own  days  (Chaps.  II.  III. 
IV.).  From  this  historical  sketch  it  appears  that  the  first 
cultivators  of  geology  indulged  in  many  visionary  theo- 
ries, the  errors  of  which  are  referred  chiefly  to  one  com- 
mon source, — a  prevailing  persuasion  tTiat  the  ancient 
causes  of  change  were  diiferent,  both  as  regards  their 
nature  and  energy,  to  those  now  in  action.  In  other 
words,  it  was  supposed  that  the  causes  by  which  the  crust 
of  the  earth,  and  its  habitable  surface,  were  modified  at 
remote  periods,  were  almost  entirely  distinct  from  the  ope- 
rations by  which  the  surface  and  crust  of  the  planet  are 
now  undergoing  a  gradual  change. 

The  prejudices  which  led  to  this  assumed  discordance 
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of  ancient  and  modem  causes  are  next  considered  (Chap. 

V.  to  p.  89,  Vol.  I.),  and  it  is  contended  that  neither  the 
imaged  universality  of  certain  sedimentary  formations 
(Chap,  v.),  nor  the  diflferent  climates  which  appear  to 
have  formerly  pervaded  the  northern  hemisphere  (Chaps. 

VI.  VII.  VIII.),  nor  the  alleged  prc^essive  development 
of  organic  life  as  inferred  from  the  study  of  fossil  remains 
(Chap.  IX.),  lend  any  solid  su'pport  to  the  assumption. 

The  numerous  topics  of  general  interest  brought  under 
review  in  discussing  this  fundamental  question  are  freely 
enlarged  upon,  in  the  hope  of  stimulating  curiosity ;  and 
the  author  is  aware  that  in  endeavouring  to  attain  this 
object,  he  has  occasionally  carried  the  beginner  beyond  his 
depth.     It  is  presumed,  however,  that  the  reader  will  un- ; 
derstand  enough  to  be  convinced  that  the  forces  formerly '; 
employed  to  remodel  the  crust  of  the  earth  were  the  same  '  ' 
in  kind  and  energy  as  those  now  acting :  or,  at  least,  he  \ 
will  perceive  that  the  opposite  hypothesis  is  very  ques^ 
tionable ;  and  if  so,  he  will  enter  upon  the  study  of  the 
two  treatises  which  follow  on  the  Changes  now  in  progress 
in  the  Organic  and  Inorganic  World  (Books  11.  and  III.) 
with  a  just  sense  of  the  importance  of  their  subject  matter, 
and  their  direct  bearing  on  Geology. 

The  first  of  these  treatises,  or  that  relating  to  the  changes 
known  to  have  taken  place  in  the  inorganic  creation  within 
the  historical  era,  is  divided  into  two  parts.  In  the  first, 
an  account  is  given  of  the  observed  effects  of  aqueous 
causes,  such  as  rivers,  springs,  tides  and  currents  (Book 
II.  Chaps.  I.  to  VIII.);  in  the  second,  the  igneous  causes, 
such  as  the  volcano  and  earthquake,  and  all  subterranean 
movements,  are  considered  (Book  II.  Chaps.  IX.  to  XIX.). 

The  other  treatise,  or  that  on  the  changes  of  the  organic 
world,  is  also  divided  into  two  parts;  the  first  of  which 
comprehends  all  questions  relating  to  the  real  existence 
and  variability  of  species,  and  the  limits  assigned  to  their 
duration  (Chaps.  I.  to  XI.  Book  III.).  The  second  ex- 
plains the  processes  by  which  the  remains  of  animals  and 
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cussed  in  the  first  part  of  the  Third  Book ;  after  reading 
which,  the  student  comes  in  a  great  degree  prepared  to 
follow  the  views  and  speculations  of  the  author  on  the  laws 
by  which  the  extinction  and  successive  disappearance  of 
species  may  be  governed. 

From  these  remarks  it  will  be  seen  that  a  study  of  sys- 
tematic treatises  on  the  recent  changes  of  the  organic  and 
inorganic  world  afford  a  good  preliminary  exercise  for 
those  who  desire  to  interpret  geological  monuments.  They 
are  thus  enabled  to  proceed  from  the  known  to  the  unknown, 
or  from  the  observed  effects  of  causes  now  in  action  to  the 
analogous  effects  of  the  same  or  similar  causes  which  have 
acted  at  remote  periods.  It  was  necessary  to  dwell  thus 
fully  on  the  connexion  of  the  Second  and  Third  Books 
with  the  Fourth,  because  the  relation  of  these  parts  of  the 
work  to  each  other  is  the  least  obvious.  In  order  to  com- 
prehend the  plan  of  other  parts,  it  will  be  sufficient  to 
peruse  the  abridged  Table  of  Contents. 

London^  October  1836. 
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CHAPTER   I. 

Geology  defined — Com|>ared  to  History — Its  relation  to  other  Physical  Science*— 

Not  to  be  confounded  with  Coimogony. 

Gkoloot  18  the  scieDce  which  investigates  the  saccessive  changes  that 
have  taken  place  in  the  organic  and  inorganic  kingdoms  of  nature :  it 
inquires  into  the  causes  of  these  changeSf  and  the  influence  which  they 
have  exerted  in  modifying  the  surface  and  external  structure  of  our 
planet 

By  these  researches  into  the  state  of  the  earth  and  its  inhabitants  at 
former  periods,  we  acquire  a  more  perfect  knowledge  of  its  present  con- 
dition, and  more  comprehensive  views  concerning  the  laws  now  govern- 
ing its  animate  and  inanimate  productions.  When  we  study  history,  we 
obtain  a  more  profound  insight  into  human  nature,  by  instituting  a  com- 
parison between  the  present  and  former  states  of  society.  We  trace  the 
long  series  of  events  which  have  gradually  led  to  the  actual  posture  of 
affairs ;  and  by  connecting  efiects  with  their  causes,  we  are  enabled  to 
classify  and  retain  in  the  memory  a  multitude  of  complicated  relations-— 
the  various  peculiarities  of  national  character — the  different  degrees  of 
moral  and  intellectual  refinement,  and  numerous  other  circumstances, 
which,  without  historical  associations,  would  be  uninteresting  or  imper- 
fectly understood.  As  the  present  condition  of  nations  is  the  result  of 
many  antecedent  changes,  some  extremely  remote  and  others  recent, 
lome  gradual,  others  sudden  and  violent,  so  the  state  of  the  natural  world 
is  the  result  of  a  long  succession  of  events ;  and  if  we  would  enlarge  our 
experience  of  the  present  economy  of  nature,  we  must  investigate  the 
effects  of  her  operations  in  former  epochs. 
Vol.  I.— C 
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We  oflen  discover  with  surprise,  on  looking  back  into  the  chronicles  of 
nations,  how  the  fortune  of  some  battle  has  influenced  the  fate  of  millions 
of  our  contemporaries,  when  it  has  long  been  forgotten  by  the  mass  of  the 
population.  With  this  remote  event  we  may  find  inseparably  connected 
the  geographical  boundaries  of  a  great  state,  the  language  now  spoken  by 
the  inhabitants,  their  peculiar  manners,  laws,  and  religious  opinions. 
But  far  more  astonishing  and  unexpected  are  the  connections  brought  to 
light,  when  we  carry  back  our  researches  into  the  history  of  nature. 
The  form  of  a  coast,  the  configuration  of  the  interior  of  a  country,  the 
existence  and  extent  of  lakes,  valleys,  and  mountains,  can  often  be  traced 
to  the  former  prevalence  of  earthquakes  and  volcanos  in  regions  which 
have  long  been  undisturbed.  To  these  remote  convulsions  the  present 
fertility  of  some  districts,  the  sterile  character  of  others,  the  elevation  of 
land  above  the  sea,  the  climate,  and  various  peculiarities,  may  be  dis- 
tinctly referred.  On  the  other  hand,  many  distinguishing  features  of  the 
surface  may  often  be  ascribed  to  the  operation,  at  a  remote  era,  of  slow 
and  tranquil  causes — to  the  gradual  deposition  of  sediment  in  a  lake  or  in 
the  ocean,  or  to  the  prolific  increase  of  testacea  and  corals. 

To  select  another  example,  we  find  in  certain  localities  subterranean 
deposits  of  coal,  consisting  of  vegetable  matter,  formerly  drifted  into  seas 
and  lakes.  These  seas  and  lakes  have  since  been  filled  up,  the  lands 
whereon  the  forests  grew  have  disappeared  or  clianged  their  form,  the 
rivers  and  currents  which  floated  the  vegetable  masses  can  no  longer  be 
traced,  and  the  plants  belonged  to  species  which  for  ages  have  passed 
away  from  the  surface  of  our  planet.  Yet  the  commercial  prosperity, 
and  numerical  strength  of  a  nation,  may  now  be  mainly  dependent  on  the 
local  distribution  of  fuel  determined  by  that  ancient  state  of  tilings. 

Geology  is  intimately  related  to  almost  all  the  physical  sciences,  as  his- 
tory is  to  the  moral.  An  historian  should,  if  possible,  be  at  once  pro- 
foundly acquainted  with  ethics,  politics,  jurisprudence,  the  military  art, 
theology ;  in  a  word,  with  all  branches  of  knowledge  by  which  any 
insight  into  human  aflairs,  or  into  the  moral  and  intellectual  nature  of 
man,  can  be  obtained.  It  would  be  no  less  desirable  that  a  geologist 
should  be  well  versed  in  chemistry,  natural  philosophy,  mineralogy, 
zoology,  comparative  anatomy,  botany;  in  short,  in  every  science  relating 
to  organic  and  inorganic  nature.  With  these  accomplishments,  the  his- 
torian and  geologist  would  rarely  fail  to  draw  correct  and  philosophical 
conclusions  from  the  various  monuments  transmitted  to  them  of  former 
occurrences.  They  would  know  to  what  combination  of  causes  analo- 
gous efl*ects  were  referable,  and  llhey  would  often  be  enabled  to  supply, 
by  inference,  information  concerning  many  events  unrecorded  in  the  de- 
fective archives  of  former  ages.  But  as  such  extensive  acquisitions  are 
scarcely  within  the  reach  of  any  individual,  it  is  necessary  that  men  who 
have  devoted  their  lives  to  diflferent  departments  should  unite  their  efforts ; 
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nd  M  the  historian  reeeiyes  ass istanee  from  the  antiquary,  and  from  those 
who  have  cultivated  different  branches  of  moral  and  political  science,  so 
the  geologist  i^ould  avail  himself  of  the  aid  of  many  naturalists,  and  par* 
ticttlariy  of  those  who  have  studied  the  fossil  remains  of  lost  species  of 
animals  and  plants. 

The  analogy,  however,  of  the  monuments  consulted  in  geology,  and 
those  available  in  history,  extends  no  farther  than  to  one  class  of  his- 
torical  monuments,— those  which  may  be  said  to  be  undesignedly  com- 
memorative of  former  events.  The  canoes,  for  example,  and  stone 
hatchets  found  in  our  peat  bogs,  afford  an  insight  into  the  rude  arts  and 
manners  of  the  earliest  inhabitants  of  our  island  ;  the  buried  coin  fixes  the 
date  of  the  reign  of  some  Roman  emperor ;  the  ancient  encampment 
indicates  the  districts  once  occupied  by  invading  armies,  and  the  former 
method  of  constructing  military  defences :  the  Egyptian  mummies  throw 
light  on  the  art  of  embalming,  the  rites  of  sepulture,  or  the  average  stature 
of  the  human  race  in  ancient  Egypt.  This  class  of  memorials  yield 
to  no  otlier  in  authenticity,  bnt  it  constitutes  a  small  part  only  of  the 
resources  on  which  the  historian  relies,  whereas  in  geology  it  forms  the 
only  kind  of  evidence  which  is  at  our  command.  For  this  reason  we  must 
not  expect  to  obtain  a  full  and  connected  account  of  any  series  of  events 
beyond  the  reach  of  history.  But  the  testimony  of  geological  monuments, 
if  frequently  imperfect,  possesses  at  least  the  advantage  of  being  free  from 
all  suspicion  of  misrepresentation.  We  may  be  deceived  in  tlie  infer- 
ences which  we  draw,  in  the  same  manner  as  we  often  mistake  the 
nature  and  import  of  phenomena  observed  in  the  daily  course  of  nature ; 
but  our  liability  to  err  is  confined  to  the  interpretation,  and,  if  this  be 
correct,  our  information  is  certain. 

It  was  long  before  the  distinct  nature  and  legitimate  objects  of  geology 
were  fully  recognised,  and  it  was  at  first  confounded  with  many  other 
branches  of  inquiry,  just  as  the  limits  of  history,  poetry,  and  mythology 
were  ill-defined  in  the  infancy  of  civilization.  Even  in  Werner's  time, 
or  at  the  close  of  the  eighteenth  century,  geology  appears  to  have  been 
regarded  as  little  other  than  a  subordinate  department  of  mineralogy  ;  and 
Desmarest  included  it  under  the  head  of  Physical  Geography.  But  the 
most  common  and  serious  source  of  confusion  arose  from  the  notion  that 
it  was  the  business  of  geology  to  discover  the  mode  in  which  the  earth 
originated,  or,  as  some  imagined,  to  study  the  efiects  of  those  cosmolo- 
gical  causes  which  were  employed  by  the  Author  of  Nature  to  bring  this 
planet  out  of  a  nascent  and  chaotic  state  into  a  more  perfect  and  habitable 
condition.  Hutton  was  the  first  who  endeavoured  to  draw  a  strong  line 
of  demarkation  between  his  favourite  science  and  cosmogony,  for  he 
declared  Uiat  geology  was  in  nowise  concerned  **  with  questions  as  to  the 
origin  of  things." 

An  attempt  will  be  made  in  the  sequel  of  this  work  to  demonstrate 
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tliat  geology  differs  as  widely  from  cosmogony,  as  speculations  concern- 
ing the  mode  of  the  first  creation  of  man  differ  from  history.  But,  before 
entering  more  at  large  on  this  controverted  question,  it  will  be  desirable 
to  trace  the  progress  of  opinion  on  this  topic,  from  the  earliest  ages  to 
the  commencement  of  the  present  century. 


CHAPTER    II. 

HISTORICAL   SKETCH   OF   THE   PROGRESS  OF    GEOLOGY. 

Oriental  Cosmogonj — Doctrine  of  the  lucceisiTe  deitraction  and  renoyation  of  the 
worl<P— Origin  of  this  doctrine — Common  to  the  Egyptians  (p.  24.) — Adopted  by 
the  Greeki — System  of  Pythagoras— of  Aristotle  (p.  29.) — Dogmas  concerning  the 
extinction  and  reproduction  of  genera  and  species — Strabo's  theory  of  elevation  bj 
earthquakes  (p.  31.) — Pliny — Concluding  Remarks  on  the  knowledge  of  the 
Ancients. 

Oriental  Cosmogony. — The  earliest  doctrines  of  the  Indian  and  Egyp- 
tian schools  of  philosophy  agreed  in  ascribing  the  first  creation  of  the 
world  to  an  omnipotent  and  infinite  Being.  They  concurred  also  in 
representing  this  Being,  who  had  existed  from  all  eternity,  as  having 
repeatedly  destroyed  and  reproduced  the  world  and  all  its  inhabitants. 
In  the  '*  Institutes  of  Menii,"  the  sacred  volume  of  the  Hindoos,  to 
which,  in  its  present  form,  Sir  William  Jones  ascribes  an  antiquity  of  at 
least  eight  hundred  and  eighty  years  before  Christ,  we  find  this  system  of 
the  alternate  destruction  and  renovation  of  the  world  proposed  in  the  fol- 
lowing remarkable  verses : 

*'  The  Being,  whose  powers  are  incomprehensible,  having  created  me 
(Men^)  and  this  universe,  again  became  absorbed  in  the  Supreme  Spiritt 
changing  the  time  of  energy  for  the  hour  of  repose. 

**  When  that  power  awakes,  then  has  this  world  its  full  expansion ; 
but  when  he  slumbers  with  a  tranquil  spirit,  then  the  whole  system  fades 

away For  while  he  reposes,  as  it  were,   embodied  spirits 

endowed  with  principles  of  action  depart  from  their  several  acts,  and 
the  mind  itself  becomes  inert." 

Menii  then  describes  the  absorption  of  all  beings  into  the  Supreme 
Essence,  and  the  Divine  soul  itself  is  said  to  slumber,  and  to  remain  for  a 
time  immersed  in  *'  the  first  idea,  or  in  darkness."  He  then  proceeds 
(verse  fifty-seven),    **Thu8  that  immutable  power,  by  waking   and 
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reposing  alternately,  revivifies  and  destroys,  in  eternal  succession,  this 
whole  assemblage  of  locomotive  and  immovable  creatures." 

It  is  then  declared  Uiat  there  has  been  a  long  succession  of  manwant^^' 
roij  or  periods,  each  of  the  duration  of  many  thousand  ages,  and — 

**  There  are  creations  also,  and  destructions  of  worlds  innumerable : 
the  Being,  supremely  exalted,  performs  all  this  with  as  much  ease  as  if 
Id  sport,  again  and  again,  for  the  sake  of  conferring  happiness."* 

The  compilation  of  the  ordinances  of  Menik  was  not  all  the  work  of  one 
author  nor  of  one  period,  and  to  this  circumstance  some  of  the  remarkabls 
inequalities  of  style  and  matter  are  probably  attributable.  There  ara 
many  passages,  however,  wherein  the  attributes  and  acts  of  the  **  Infinite 
and  Incomprehensible  Being"  are  spoken  of  with  much  grandeur  of  con- 
ception and  sublimity  of  diction,  as  some  of  the  passages  above  cited, 
though  sufficiently  mysterious,  may  serve  to  exemplify.  There  are  at 
the  same  time  such  puerile  conceits  and  monstrous  absurdities  in  this  cos- 
mogony, that  some  may  be  disposed  to  impute  to  mere  accident  any 
slight  approximation  to  truth,  or  apparent  coincidence  between  the  orien- 
tal dogmas  and  observed  facts.  This  pretended  revelation,  however,  was 
not  purely  an  effort  of  the  unassisted  imagination,  nor  invented  without 
regard  to  the  opinions  and  observations  of  naturalists.  There  are  intro- 
duced into  it  certain  astronomical  theories,  evidently  derived  from  obser- 
vation and  reasoning.  Thus,  for  instance,  it  is  declared  that,  at  the 
North  Pole,  the  year  was  divided  into  a  long  day  and  night,  and  that  their 
long  day  was  the  northern,  and  their  night  the  southern  course  of  the 
son ;  and  to  the  inhabitants  of  the  moon,  it  is  said,  one  day  is  equal  in 
length  to  one  month  of  mortals.!  If  such  statements  cannot  be  resolved 
into  mere  conjectures,  we  have  no  right  to  refer  to  mere  chance  the  pre- 
railing  notion,  that  the  earth  and  its  inhabitants  had  formerly  undergone  a 
mccession  of  revolutions  and  catastrophes  interrupted  by  long  intervab  of 
tranquillity. 

Now  there  are  two  sources  in  which  such  a  theory  may  have  originated. 
The  marks  of  former  convulsions  on  every  part  of  the  surface  of  our 
planet  are  obvious  and  striking.  The  remains  of  marine  animals  imbed- 
ded in  the  solid  strata  are  so  abundant,  that  tliey  may  be  expected  to 
force  themselves  on  the  observation  of  every  people  who  have  made 
some  progress  in  refinement;  and  especially  where  one  class  of  meaare 
expressly  set  apart  from  the  rest  for  study  and  contemplation.  If  these 
appearances  are  once  recognised,  it  seems  natural  that  the  mind  should 
conclude  in  favour,  not  only  of  mighty  changes  in  past  ages,  but  of  alter- 
nate periods  of  repose  and  disorder ;— of  repose,  when  the  fossil  animab 

*  Institates  of  Hindoo  Law,  or  the  OrdiDancei  of  Menii,froin  the  Santcrit,  trwuh 
lated  bj  Sir  William  Jones,  1796. 
t  Men&,  Inst.  c.  i.  66  and  67. 
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ttred^frew,  Md  mnltiflied— ofditorder,  when  the  strata  in  which  the^ 
were  buried  became  traneferred  from  the  sea  to  the  interior  of  continentSt 
and  were  vplifted  so  as  to  form  part  of  high  mountain  chains.  Those 
modem  writers,  who  are  disposed  to  disparage  the  former  intellectual 
adrancemem  and  civilization  of  eastern  nations,  may  concede  some  foun- 
dation of  observed  facts  for  the  curious  theories  now  under  consideration, 
without  indulging  in  exaggerated  opinions  of  tlie  progress  of  science ; 
especially  as  univeraal  catastrophes  of  the  world,  and  exterminations  of 
organic  beings,  in  the  sense  in  which  they  were  nnderetood  by  the  Brah- 
min, are  untenable  doctrines. 

We  know  that  the  Egyptian  priests  were  aware,  not  only  that  the  soil 
beneath  the  plains  of  the  Nile,  but  that  also  the  hills  bounding  the  great 
valley,  contained  marine  shells  ;*  and  it  could  hardly  have  escaped  the 
observation  of  eastern  philosophera,  that  some  soils  were  filled  with 
fossil  remains,  since  so  many  national  works  requiring  extensi%'e  excava- 
tions were  executed  by  oriental  monarchs  in  very  remote  eras.  They 
formed  canals  and  tanks  on  a  magnificent  scale,  and  we  know  that  in 
more  recent  times  (the  fourteenth  century  of  our  era)  the  removal  of  soil 
necessary  for  such  undertakings  brought  to  light  geological  phenomena, 
which  attracted  the  attention  of  a  people  less  civilized  than  were  many  of 
the  okler  nations  of  the  East.t 

But  although  the  Brahmins,  like  the  priests  of  Egypt,  may  have  been 
acquainted  with  the  existence  of  fossil  remains  in  the  strata,  it  is  possi- 
ble that  the  doctrine  of  successive  destructions  and  renovations  of  the 
world  merely  received  corroboration  from  such  proofs ;  and  that  it  may 
have  been  originally  handed  down,  like  the  religious  traditions  of  most 
nations,  from  a  ruder  state  of  society.  The  system  may  have  had  its 
souroe  in  exaggerated  accounts  of  those  partial,  but  often  dreadful,  catas- 
tn>phe8,  which  are  sometimes  occasioned  by  particular  combinations  of 
natural  causes.  Floods  and  volcanic  eruptions,  the  agency  of  water  and 
fire,  are  the  chief  instruments  of  devastation  on  our  globe.  We  shall  point 
oat  in  the  sequel  the  extent  of  many  of  these  calamities,  recurring  at  dis- 
tant intervals  of  time,  in  the  present  courae  of  nature ;  and  shall  only 

• 

*  Herodot.  Euterpe,  12. 

t  Thii  cixcumstanee  is  mentioned  in  a  Persian  MS.  copy  of  the  historian  Ferishta, 
in  the  library  of  the  East  India  Company,  relating  to  the  rise  and  progress  of  the 
Mahomedan  empire  in  India,  procured  bj  Colonel  firiggs  from  the  library  of  Tip* 
poo  Sultan  in  1799 ;  and  has  been  reoeotly  referred  to  at  some  length  by  Dr.  Bnck- 
land.»(G«ol.  Trans.  9d  Series,  vol.  ii.  put  iii.  p.  389.>—It  is  stated  that,  in  the 
year  768  (or  1860  of  our  era,)  the  king  employed  fifly  thousand  labourers  in  cut- 
ting through  a  rooand,  so  as  to  form  a  junction  between  the  rivers  Selima  and 
SuUuj  ',  and  in  this  mound  were  found  the  bones  of  elepliants  and  men,  some  of 
them  petrified,  and  some  of  them  resembling  bone.  The  gigantic  dimensions  attri- 
buted to  the  human  bones  show  them  to  have  belonged  to  some  of  the  larger  pachy- 
dermata. 
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obfenre  here,  thai  they  are  «o  peculiarly  calculated  to  inspire  a  lasting 
terror,  and  are  so  often  fatal  in  their  consequences  to  great  multitudes  of 
people,  that  it  scarcely  requires  the  passion  for  the  oiarvtUous,  so  cha- 
rBcteristic  of  rude  and  half-civilized  nations,  still  less  the  exuberant  imagi- 
nation of  eastern  writers,  to  augment  them  into  general  cataclysms  and 
cooflagrationa. 

The  great  flood  of  the  Chinese,  which  their  traditions  carry  back  to  the 
period  of  Yaou,  something  more  than  2000  years  before  our  era,  has 
been  identified  by  some  persons  with  the  universal  deluge  described  in 
the  Old  Testament ;  but  according  to  Mr.  Davis,  who  accompanied  two 
of  our  embassies  to  China,  and  who  has  carefully  examined  their  writr 
tea  accounts,  the  Chinese  cataclysm  is  therein  described  as  interrupting 
the  business  of  agricuhure,  rather  than  as  involving  a  general  destruction 
of  the  human  race.  The  great  Yu  was  celebrated  for  having  **  opened 
nine  channels  to  draw  ofi"  the  watera,"  which  **  covered  the  low  hills  and 
bathed  the  foot  of  the  highest  mountains."  Mr.  Davis  suggests  that  a 
great  derangement  of  tlie  watera  of  the  Yellow  River,  one  of  the  largest 
in  the  world,  might  even  now  cause  the  flood  of  Yaou  to  be  repeated, 
and  lay  the  most  fertile  and  populous  plains  of  China  under  water.  In 
modem  times  the  bureting  of  the  banks  of  an  artificial  canal,  into  which 
a  portion  of  the  Yellow  River  has  been  turned,  has  repeatedly  given  rise 
to  the  most  dreadful  accidents,  and  is  a  source  of  perpetual  anxiety  to  the 
government.  It  is  easy,  therefore,  to  imagine  how  much  greater  may 
have  been  the  inundation,  if  this  valley  was  ever  convulsed  by  a  violent 
earthquake.* 

Humboldt  relates  the  interesting  fact  that  after  the  annihilation  of  a 
hrge  part  of  the  inliabitants  of  Cumana,  by  an  earthquake  in  17G6,  a 
Mason  of  extraordinary  fertility  ensued,  in  consequence  of  the  great 
rains  which  accompanied  the  subterranean  convulsions.  **  The  Indians," 
be  says,  **  celebrated,  after  the  ideas  of  an  antique  superetition,  by  festi- 
Tab  and  dancing,  the  destruction  of  the  world  and  the  approaching  epoch 
of  its  regeneration.'*! 

The  existence  of  such  rites  among  the  rude  nations  of  South  America 
is  most  important,  for  it  shows  what  efiects  may  be  product  by  great 
eitastrophes  of  tliis  nature,  recurring  at  distant  intervals  of  time,  on  tlie 
minds  of  a  barbarous  and  uncultivated  race.  The  superstitions  of  a  savage 
tribe  are  transmitted  through  all  the  progressive  stages  of  society,  till  they 
exert  a  powerful  influence  on  the  mind  of  the  philosopher.  He  may 
find,  in  the  monuments  of  former  changes  on  the  earth's  surface,  an  appa- 
rent confirmation  of  tenets  handed  down  through  successive  generations, 

*  See  D«Tis  oa  «The  Chinew,"  publUhed  by  the  Soeiety  for  the  DifiVuuon  of 
Uiefa]  Knowledge,  vol.  i.  p.  128. 
t  Humboldt  et  BostpUnd,  Voy.  Relat.  Hiit.  vol.  i.  p.  SO. 
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from  the  rade  hunter*  whose  terrified  imagination  drew  a  false  picture  of 
those  awful  Yisitations  of  floods  and  earthquakes,  wherehy  the  whole  earth 
as  known  to  him  was  simultaneously  devastated. 

Egyptian  Cosmogtmy. — ^Respecting  the  cosmogony  of  the  Egyptian 
priests,  we  gather  much  information  from  writers  of  the  Grecian  sects, 
who  borrowed  almost  all  their  tenets  from  Egypt,  and  amongst  others 
that  of  the  former  successive  destruction  and  renovation  of  the  world.* 
We  learn  from  Plutarch,  that  this  was  the  theme  of  one  of  the  hymns  of 
Orpheus,  so  celebrated  in  the  fabulous  ages  of  Greece.  It  was  brought 
by  him  from  the  banks  of  the  Nile ;  and  we  even  find  in  his  verses,  as  in 
the  Indian  systems,  a  definite  period  assigned  for  the  duration  of  each 
successive  world.t  The  returns  of  great  catastrophes  were  determined 
by  the  period  of  the  Annus  Magnus,  or  great  year, — a  cycle  composed  of 
the  revolutions  of  the  sun,  moon,  and  planets,  and  terminating  when 
these  return  together  to  the  same  sign  whence  they  were  supposed  at 
some  remote  epoch  to  have  set  out.  The  duration  of  tliis  great  cycle  was 
variously  estimated.  According  to  Orpheus,  it  was  120,000  yean ;  ac- 
cording to  others,  300,000 ;  and  by  Cassander  it  was  taken  to  be  360,000 
years.J 

We  learn  particularly  from  the  Timaeus  of  Plato,  that  the  Egyptians 
believed  the  world  to  be  subject  to  occasional  conflagrations  and  deluges, 
whereby  the  gods  arrested  the  career  of  human  wickedness,  and  purified 
the  earth  from  guilt.  After  each  regeneration,  mankind  were  in  a  state 
of  virtue  and  happiness,  from  which  they  gradually  degenerated  again 
into  vice  and  immorality.  From  this  Egyptian  doctrine,  the  poets  derived 
the  fable  of  the  decline  from  the  golden  to  the  iron  age.  The  sect  of 
Stoics  adopted  most  fully  the  system  of  catastrophes  destined  at  certain 
intervals  to  destroy  the  world.  These- they  taught  were  of  two  kinds:— 
the  Cataclysm,  or  destruction  by  deluge,  which  sweeps  away  the  whole 
human  race,  and  annihilates  all  the  animal  and  vegetable  productions  of 
nature ;  and  the  Ecpyrosis,  or  conflagration,  which  dissolves  the  globe 
itself.  From  the  Egyptians  also  they  derived  the  doctrine  of  the  gradual 
debasement  of  man  from  a  state  of  innocence.  Towards  the  termination 
of  each  era  the  gods  could  no  longer  bear  with  the  wickedness  of  men, 
and  a  shock  of  the  elements  or  a  deluge  overwhelmed  them ;  after  which 
calamity  Astrea  again  descended  on  the  earth,  to  renew  the  golden  age.$ 

The  connection  between  the  doctrine  of  successive  catastrophes  and 
repeated  deteriorations  in  the  moral  character  of  the  human  race,  is  more 
intimate  and  natural  than  might  at  first  be  imagined.   For,  in  a  rude  state 

•  Prichard'B  Egypt.  Mylhol.  p.  177. 

t  Plat,  de  Defectu  Oraculorum,  cap.  12.    Cenforinofl  de  Die  Natali.    See  aliio 
Prichard^B  Egypt.  Mythol.  p.  182. 
t  Prichard'f  Egypt.  Mythol.  p.  182.  §  Ibid.  p.  193. 
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of  Boeietyy  all  great  calamities  are  regarded  by  the  people  as  judgments  of 
God  on  the  wickedness  of  man.  Thus  in  our  own  time,  the  priests  per- 
loaded  a  large  part  of  the  population  of  Chili,  and  perhaps  belieyed 
themselves,  that  the  fatal  earthquake  of  1822  was  a  sign  of  the  wrath  of 
Heairen  for  the  great  political  revolution  just  then  consummated  in  South 
America.  In  like  manner,  in  the  account  given  to  Solon  by  the  Egyptian 
priests,  of  the  submersion  of  the  island  of  Atlantis  under  the  waters  of 
the  ocean,  after  repeated  shocks  of  an  earthquake,  we  find  that  the  event 
happened  when  Jupiter  had  seen  the  moral  depravity  of  the  inhabitants.* 
Now,  when  the  notion  had  once  gained  ground,  whether  from  causes 
before  suggested  or  not,  that  the  earth  had  been  destroyed  by  several 
general  catastrophes,  it  would  next  be  inferred  that  the  human  race  had 
been  as  often  destroyed  and  renovated.  And  since  every  extermination 
was  assumed  to  be  penal,  it  could  only  be  reconciled  with  divine  justice, 
by  the  supposition  that  man,  at  each  successive  creation,  was  regenerated 
in  a  state  of  purity  and  innocence. 

A  very  large  portion  of  Asia,  inhabited  by  the  earliest  nations  whose 
traditions  have  come  down  to  us,  has  been  always  subject  to  tremendous 
earthquakes.  Of  the  geographical  boundaries  of  these,  and  their  effects, 
I  shall  speak  in  the  proper  place.  Egypt  has,  for  the  most  part,  been 
exempt  from  this  scourge,  and  the  tradition  of  catastrophes  in  that  coun- 
try was  perhaps  derived  from  the  East. 

One  extraordinary  fiction  of  the  Egyptian  mythology  was  the  sup- 
posed intervention  of  a  masculo-feminine  principle,  to  which  was  assigned 
the  development  of  the  embryo  world,  somewhat  in  the  way  of  incuba- 
tion. For  the  doctrine  was,  that  when  the  first  chaotic  mass  had  been 
produced,  in  the  form  of  an  egg^  by  a  self-dependent  and  eternal  Being, 
it  required  the  mysterious  functions  of  this  masculo-feminine  artificer  to 
reduce  the  component  elements  into  organized  forms. 

Although  it  is  scarcely  possible  to  recall  to  mind  this  conceit  without 
smiling,  it  does  not  seem  to  difier  essentially  in  principle  from  some  cos- 
mological  notions  of  men  of  great  genius  and  science  in  modern  Europe. 
The  Egyptian  philosophers  ventured  on  the  perilous  task  of  seeking 
from  among  the  processes  now  going  on,  something  analogous  to  the  mode 
of  operation  employed  by  the  Author  of  Nature  in  tlie  first  creation  of 
organized  beings,  and  they  compared  it  to  that  which  governs  the  birth 
of  new  individuals  by  generation.  To  suppose  that  some  general  rules 
might  be  observed  in  the  first  origin  of  created  beings,  or  the  first  intro- 
doction  of  new  species  into  our  system,  was  not  absurd,  nor  inconsistent 
with  any  thing  known  to  us  in  the  economy  of  the  universe.  But  the 
hypothesis,  that  there  was  any  analogy  between  such  laws  and  those 
employed  in  the  continual  reproduction  of  species,  was  purely  gratuitous- 

*  Plato's  Timens. 
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In  like  manner,  it  is  not  unreasonable,  nor  derogatory  to  the  attributes  of 
Omnipotence,  to  imagine  that  some  general  laws  may  be  observed  in  the 
creation  of  new  worlds ;  and  if  man  could  witness  the  birth  of  such 
worlds,  he  might  reason  by  induction  upon  the  origin  of  his  own.  But 
in  the  absence  of  such  data,  an  attempt  has  been  made  to  fancy  some 
analogy  between  the  agents  now  employed  to  destroy,  renovate,  and  per- 
petually vary  the  ejrth's  surface,  and  those  whereby  the  first  chaotic 
mass  was  formed,  and  brought  by  supposed  nascent  energy  from  the 
embryo  to  the  habitable  state. 

By  how  many  shades  the  elaborate  systems,  constructed  on  these 
principles,  may  difler  from  the  mysteries  of  the  **  Mundane  Egg"  of 
Egyptian  fable,  I  shall  not  inquire.  It  would,  perhaps,  be  dangeroiui 
ground  ;  and  some  of  our  contemporaries  might  not  sit  as  patiently  as  the 
Athenian  audience,  when  the  fiction  of  the  chaotic  egg,  engrafted  by 
Orpheus  upon  their  own  mythology^  was  turned  into  ridicule  by  Aristo- 
phanes. That  comedian  introduced  his  birds  singing,  in  a  solemn  hymn, 
**  How  sable-plumaged  Night  conceived  in  the  boundless  bosom  of  Ere- 
bus, and  luid  an  cgg^  from  which,  in  the  revolution  of  ages,  sprung  Love, 
resplendent  with  golden  pinions.  Love  fecundated  the  dark-winged 
ehaos,  and  gave  origin  to  the  race  of  birds."* 

Pythagorean  Doctrines, — Pythagoras,  who  resided  fon  more  than 
twenty  years  in  Egypt,  and,  according  to  Cicero,  had  visited  the  East, 
and  conversed  with  the  Persian  philosophers,  introduced  into  his  own 
country,  on  his  return,  the  doctrine  of  the  gradual  deterioration  of  the 
human  race  from  an  original  state  of  virtue  and  happiness  :  but  if  we  are 
to  judge  of  his  theory  concerning  the  destruction  and  renovation  of  the 
earth  from  the  sketch  given  by  Ovid,  we  must  concede  it  to  have  been  far 
more  philosophical  than  any  known  version  of  the  cosmologies  of  oriental 
or  Egyptian  sects. 

Although  Pythagoras  is  introduced  by  the  poet  as  delivering  his  doc- 
trine in  person,  some  of  the  illustrations  are  derived  from  natural  events 
which  happened  after  the  death  of  the  philosopher.  But  notwithstanding 
these  anachronisms,  we  may  regard  the  account  as  a  true  picture  of  the 
tenets  of  the  Pythagorean  school  in  the  Augustan  age;  and  altliough 
perhaps  partially  modified,  it  must  have  contained  the  substance  of  the 
original  scheme.  Thus  considered,  it  is  extremely  curious  and  instruc- 
tive ;  for  we  here  find  a  comprehensive  and  masterly  summary  of  almost 
all  the  great  causes  of  change  now  in  activity  on  the  globe,  and  these 
adduced  in  confirmation  of  a  principle  of  perpetual  and  gradual  revolution 
inherent  in  the  nature  of  our  terrestrial  system.  These  doctrines,  it  is 
true,  are  not  directly  applied  to  the  explanation  of  geological  phenomena  | 
or,  in  other  words,  no  attempt  is  made  to  estimate  what  may  have  been  in 

*  Aristophanes,  Birds,  694. 
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put  ages,  or  what  may  hereafter  be,  the  aggregate  amount  of  change 
brought  about  by  such  never-ending  fluctuations.  Had  this  been  the 
case,  we  might  have  been  called  npon  to  admire  so  extraordinary  an  anti- 
cipation with  no  less  interest  than  astronomersi  when  they  endeavour  to 
divine  by  what  means  the  Samian  philosopher  came  to  the  knowledge  of 
the  Copemican  system. 

Let  OS  now  examine  the  celebrated  passages  to  which  we  have  been 
adverting  :* 

**  Nothing  perishes  in  this  world ;  but  things  merely  vary  and  change 
their  form.  To  be  born,  means  simply  that  a  thing  begins  to  be  some- 
thing different  from  what  it  was  before  ;  and  dying,  is  ceasing  to  be  the 
Mae  thing.  Yet,  altliough  nothing  retains  long  the  same  image,  the  sum 
of  the  whole  remains  constant."  These  general  propositions  are  then 
eonfirmed  by  a  series  of  examples,  all  derived  from  natural  appearances, 
except  the  first,  which  refers  to  the  golden  age  giving  place  to  the  age  of 
iron.     The  illustrations  are  thus  consecutively  adduced. 

1.  Solid  land  has  been  converted  into  sea. 

2.  Sea  has  been  changed  into  land.  Marine  shells  lie  far  distant  from 
the  deep,  and  the  anchor  has  been  found  on  the  summit  of  hills. 

3.  Valleys  have  been  excavated  by  running  water,  and  floods  have 
washed  down  hills  into  the  sea.t 

4.  Marshes  have  become  dry  ground. 

5.  Dry  lands  have  been  changed  into  stagnant  pools. 

6.  During  earthquakes  some  springs  have  been  closed  up,  and  new  ones 
have  broken  out  Rivers  have  deserted  their  channels,  and  have  been 
reborn  elsewhere ;  as  the  Erasinus  in  Greece,  and  Mysus  in  Asia. 

7.  The  waters  of  some  rivers,  formerly  sweet,  have  become  bitter,  as 
those  of  the  Anigris  in  Greece,  &c4 

8.  Islands  have  become  connected  with  the  main  land,  by  the  growth 
of  deltas  and  new  deposits,  as  in  the  case  of  Antissa  joined  to  Lesbos, 
Pharos  to  Egypt,  &e. 

9.  Peninsulas  have  been  divided  from  the  main  land,  and  have  become 
islands,  as  Leucadia ;  and  according  to  tradition  Sicily,  the  sea  having 
carried  away  the  isthmus. 

10.  Land  has  been  submerged  by  earthquakes :  the  Grecian  cities  of 
Helice  and  Buris,  for  example,  are  to  be  seen  under  the  sea,  with  their 
walls  inclined. 

*  Ovid's  Metunor.  lib.  15. 

t  Elavie  mons  eft  dedactos  in  aequor,  ▼.  267.  The  meaning  of  this  last  verse  is 
somewhat  obscare,  bat,  taken  with  the  context,  may  be  supposed  to  allude  to  the 
■Vf^jpg  power  of  floods,  torrents,  and  rivers. 

t  The  impregnation  from  new  mineral  springs,  oansed  by  earthquakes  in  volcanic 
eooatiies,  is,  perhaps,  here  allodsd  to. 
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11.  Plains  have  been  upheaved  into  hills  by  the  confined  air  seeking 
vent,  as  at  TrcBzen  in  the  Peloponnesus. 

12.  The  temperature  of  some  springs  varies  at  different  periods.  Thf 
waters  of  others  are  inflammable.* 

13.  There  are  streams  which  have  a  petrifying  power,  and  convert  the 
substances  which  they  touch  into  marble. 

14.  Extraordinary  medicinal  and  deleterious  effects  are  produced  by 
the  water  of  different  lakes  and  springs.! 

15.  Some  rocks  and  islands,  after  floating  and  having  been  subject  to 
violent  movements,  have  at  length  become  stationary  and  immoveable,  at 
Delos,  and  the  Cyanean  Isles.:^ 

16.  Volcanic  vents  shift  their  position ;  there  was  a  time  when  Etna 
was  not  a  burning  mountain,  and  the  time  will  come  when  it  will  ceaM 
to  burn.  Whether  it  be  that  some  cwerns  become  closed  up  by  the 
movements  of  the  earth,  and  others  opened,  or  whether  the  fuel  is  finally 
exhausted,  &c.  Sic. 

The  various  causes  of  change  in  the  inanimate  world  having  been  thus 
enumerated,  the  doctrine  of  equivocal  generation  is  next  propounded,  as 
illustrating  a  corresponding  perpetual  flux  in'  the  animate  creation.^ 

in  the  Egyptian  and  Eastern  cosmogonies,  and  in  the  Greek  version  of 
tliem,  no  very  definite  meaning  can,  in  general,  be  attached  to  the  term 
**  destruction  of  the  world ;"  for  sometimes  it  would  seem  almost  to  imply 

*  Thii  is  probably  an  allaaion  to  the  escape  of  inflammable  gas,  like  that  in  the  dii- 
trict  of  Baku,  west  of  the  Caspian;  at  Pietramala,  in  the  Tuscan  Apennines ;  and 
several  other  places. 

t  Many  of  those  described  seem  fanciful  fictions,  like  the  virtues  still  so  commonly 
attributed  to  mineral  waters. 

t  Raspe,  in  a  learned  and  judicious  essay  (De  Novis  Insulis,  cap.  19),  has  made  it 
appear  extremely  probable  that  all  the  traditions  of  certain  islands  in  the  BAediterra- 
nean  having  at  some  former  time  frequently  shifted  their  positions,  and  at  length 
become  stationary,  originated  in  the  great  change  produced  in  their  form  by  earth- 
quakes and  submarine  eruptions,  of  which  there  have  been  modern  examples  in  the 
new  islands  raised  in  the  time  of  history.  When  the  series  of  convulsions  ended,  the 
island  was  said  to  become  fixed. 

§  It  is  not  inconsistent  with  the  Hindoo  mythology  to  suppose  that  Pythagoras 
might  have  found  in  the  East  not  only  the  system  of  universal  and  violent  catastro< 
phes  and  periods  of  repose  in  endless  succession,  but  also  that  of  periodical  revolu- 
tions, effected  by  the  continued  agency  of  ordinary  causes.  For  Brahma,  Vishnv, 
and  Siva,  the  first,  second,  and  third  persons  of  the  Hindoo  triad,  severally 
represented  the  Creative,  the  Preserving,  and  the  Destroying  powers  of  the  Deity. 
The  co-existence  of  these  three  attributes,  all  in  simultaneous  operation,  might  well 
accord  with  the  notion  of  perpetual  but  partial  alterations  finally  bringing  about  a 
complete  change.  But  the  fiction  expressed  in  the  verses  before  quoted  from  MenOr, 
of  eternal  vicissitudes  in  the  vigils  and  slumbers  of  the  Infinite  Being,  seems  accom- 
modated to  the  system  of  great  general  catastrophes  followed  by  new  creations  and 
periods  of  repose.  * 
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the  uinihilation  of  our  planetary  system,  and  at  others  a  mere  revolution 
of  the  surface  of  the  earth.  , 

Opinions  of  w9rt9/o//e.— From  the  works  now  extant  of  Aristotle,  and 
from  the  system  of  Pythagoras,  as  above  exposed,  we  might  certainly 
infer  that  these  philosophers  considered  the  agents  of  change  now  opera- 
ting in  nature,  as  capable  of  bringing  about  in  the  lapse  of  ages  a  complete 
revelation;  and  the  Stagyrite  even  considers  occasional  catastrophes, 
happening  at  distant  intervals  of  time,  as  part  of  the  regular  and  ordinary 
eoorse  of  nature.  The  deluge  of  Deucalion,  he  says,  affected  Greece 
only,  and  principally  the  part  called  Hellas,  and  it  arose  from  great  inun- 
datioDB  of  rivers  during  a  rainy  winter.  But  such  extraordinary  winters, 
he  says,  though  after  a  certain  period  they  return,  do  not  always  revisit 
tiie  same  places.* 

Censorinus  quotes  it  as  Aristotle's  opinion,  that  there  were  general 
inundations  of  the  globe,  and  that  they  alternated  with  conflagrations ; 
and  that  the  flood  constituted  the  winter  of  the  great  year,  or  astronomical 
eycle,  while  the  conflagration,  or  destruction  by  fire,  is  the  summer  or 
period  of  greatest  heat.t  If  this  passage,  as  Lipsius  supposes,  be  an  am- 
plification, by  Censorinus,  of  what  is  written  in  **  the  Meteorics,"  it  is 
a  gross  misrepresentation  of  the  doctrine  of  the  Stagyrite,  for  the  general 
bearing  of  his  reasoning  in  that  treatise  tends  clearly  in  an  opposite  direc- 
tion. He  refers  to  many  examples  of  changes  now  constantly  going  on, 
and  insists  emphatically  on  the  great  results  which  they  must  produce  in 
the  lapse  of  ages.  He  instances  particular  cases  of  lakes  that  had  dried 
up,  and  deserts  tliat  had  at  length  become  watered  by  rivers  and  fertilized. 
He  points  to  the  growth  of  the  NHotic  delta  since  the  time  of  Homer,  to 
the  shallowing  of  the  Palus  Msotis  within  sixty  years  from  his  own 
time ;  and  although,  in  the  same  chapter,  he  says  nothing  of  earthquakes, 
yet  in  others  of  tlie  same  treatise  he  shows  himself  not  unacquainted  with 
their  effects.^  He  alludes,  for  example,  to  the  upheaving  of  one  of  the 
Eolian  islands  previous  to  a  volcanic  eruption.  **  The  changes  of  the 
earth,"  he  says,  **  are  so  slow  in  comparison  to  the  duration  of  our  lives, 
that  they  are  overiooked  (^«v6<t?ti) ;  and  the  migrations  of  people  after 
great  catastrophes,  and  their  removal  to  other  regions,  cause  the  event  to 
beforgotten."§ 

When  we  consider  the  acquaintance  displayed  by  Aristotle,  in  his 
various  works,  with  the  destroying  and  renovating  powers  of  Nature,  the 
introductory  and  concluding  passages  of  the  twelfth  chapter  of  his 
^Meteorics"  are  certainly  very  remarkable.  In  the  first  sentence  he 
tays,  **  The  distribution  of  land  and  sea  in  particular  regions  does  not 
endure  throughout  all  time,  but  it  becomes  sea  in  those  parts  where  it  was 

*  Meteor.  Ub.  i  cap.  12.  t  De  Die  Nat. 

t  Lib.  ii.  cay.  14, 15,  and  16.  $  Ibid. 
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land,  and  again  it  becomes  land  where  it  was  sea ;  and  there  is  reason  foi 
thinking  that  these  changes  take  place  according  to  a  certain  system,  and 
within  a  certain  period."  The  concluding  observation  is  as  follows  :— 
**  As  time  never  fails,  and  the  universe  is  eternal,  neither  the  Tanais,  noi 
the  Nile,  can  have  flowed  forever.  The  places  where  they  rise  were 
once  dry,  and  there  is  a  limit  to  their  operations ;  but  there  is  none  tc 
time.  So  also  of  all  other  rivers ;  they  sprinjr  up,  and  they  perish  ;  and 
the  sea  also  continually  deserts  some  lands  and  invades  others.  The 
same  tracts,  therefore,  of  the  earth  are  not,  some  always  sea  and  othen 
always  continents,  but  every  thing  changes  in  the  course  of  time." 

It  seems,  then,  that  the  Greeks  had  not  only  derived  from  preceding 
nations,  but  had  also,  in  some  slight  degree,  deduced  from  their  own 
observations,  the  theory  of  periodical  revolutions  in  the  inorganic  world : 
there  is,  however,  no  ground  for  imagining  that  they  contemplated  former 
changes  in  the  races  of  animals  and  plants.  Even  the  fact  that  marine 
remains  were  inclosed  in  solid  rocks,  although  obseived  by  some,  and 
even  made  the  groundwork  of  geological  speculation,  never  stimulated  the 
industry  or  guided  the  inquiries  of  naturalists.  It  is  not  impossible  that 
the  theory  of  equivocal  generation  might  have  engendered  some  indif- 
ference on  this  subject,  and  that  a  belief  in  the  spontaneous  production  of 
living  beings  from  the  earth  or  corrupt  matter  might  have  caused  the 
organic  world  to  appear  so  unstable  and  fluctuating,  that  phenomena 
indicative  of  former  changes  would  not  awaken  intense  curiosity.  The 
Egyptians,  it  is  true,  had  taught,  and  the  Stoics  had  repeated,  that  the 
earth  had  once  given  birth  to  some  monstrous  animals,  which  existed  no 
longer ;  but  the  prevailing  opinion  seems  to  have  been,  that  after  each 
great  catastrophe  the  same  species  of  animals  were  created  over  again. 
This  tenet  is  implied  in  a  passage  of  Seneca,  where,  speaking  of  a  future 
deluge,  he  says,  '*  Every  animal  shall  be  generated  anew,  and  man  free 
from  guilt  shall  be  given  to  the  earth."* 

An  old  Arabian  version  of  the  doctrine  of  the  successive  revolutions  of 
the  globe,  translated  by  Abraham  Ecchellensis,!  seems  to  form  a  singular 
exception  to  the  general  rule,  for  here  we  find  the  idea  of  diflerent  genera 
and  species  having  been  created.  The  Gerbanites,  a  sect  of  astronomers 
who  flourished  some  centuries  before  the  Christian  era,  taught  as  follows--> 
**  That  after  every  period  of  30,425  years,  there  were  produced  a  pair  of 
every  species  of  animal,  both  male  and  female,  from  whom  animals  might 
be  propagated  and  inhabit  this  lower  world.  But  when  a  circulation 
of  the  heavenly  orbs  was  completed,  which  is  finished  in  that  space  of 

*  'Omne  ex  integro  animal  generabitur,  dabi torque  terrii  homoinaciuisceleram.— 
QuflBst.  Nat.  ill.  c.  29. 

t  This  author  was  Regiui  Profeiaor  of  Sjriac  and  Arabic  at  Parii,  where,  in  1685, 
he  publiahed  a  Latin  tranilation  of  many  Arabian  MSS.  on  diflerent  departments  of 
philoaophy.    This  work  has  always  been  considered  of  high  aathoritj. 
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years,  other  genera  and  species  of  animals  are  propagated,  as  also  of  plants 
and  other  things,  and  the  first  order  is  destroyed,  and  so  it  goes  on  for  erer 
and  ever.*** 

Theory  of  Sirabo.^^kB  we  learn  much  of  the  tenets  of  the  Egyptian 
and  oriental  schools  in  the  writings  of  the  Greeks,  so  many  speculations 
of  the  early  Greek  authors  are  made  known  to  us  in  the  works  of  the 
Aogustan  and  later  ages.  Strabo,  in  particular,  enters  largely,  in  the 
second  book  of  his  Geography,  into  the  opinions  of  Eratosthenes  and 
other  Greeks  on  one  of  the  most  difficult  problems  in  geblogy,  viz.  by 
what  causes  marine  shells  came  to  be  plentifully  buried  in  the  earth  at 
neh  great  elevations  and  distances  from  the  sea. 

He  notices,  amongst  others,  the  explanation  of  Zanthus  the  Lydian, 
who  said  that  the  seas  had  once  been  more  extensive,  and  that  they  had 
afterwards  been  partially  dried  up,  as  in  his  own  time  many  lakes,  rivers, 
and  wells  in  Asia  had  failed  during  a  season  of  drought.  Treating  this 
conjecture  with  merited  disregard,  Strabo  passes  on  to  the  hypothesis  of 
8trato,  the  natural  philosopher,  who  had  observed  that  the  quantity  of 
mud  brought  down  by  rivers  into  the  Euxine  was  so  great,  that  its  bed 
must  bo  gradually  raised,  while  the  rivers  still  continue  to  pour  in  an 
undiminished  quantity  of  water.  He,  therefore,  conceived  that,  originally, 
when  the  Euxine  was  an  inland  sea,  its  level  had  by  this  means  become 
so  much  elevated  that  it  burst  its  barrier  near  Byzantium,  and  formed  a 
communication  with  the  Propontis ;  and  this  partial  drainage,  he  supposed, 
liad  already  converted  the  left  side  into  marshy  ground,  and  thus,  at  last, 
the  whole  would  be  choked  up  with  soil.  So,  it  was  argued,  the  Mediter- 
ranean had  onee  opened  a  passage  for  itself  by  the  Columns  of  Hercules 
into  the  Atlantic ;  and  perhaps  the  abundance  of  sea-shells  in  Africa,  near 
the  Temple  of  Jupiter  Ammon,  might  also  be  the  deposit  of  some  former 
inland  sea,  which  had  at  length  forced  a  passage  and  escaped. 

But  Strabo  rejects  this  theory,  as  insufficient  to  account  for  all  the 
phenomena,  and  he  proposes  one  of  his  own,  the  profoundness  of  which 
modem  geologists  are  only  beginning  to  appreciate.     **It  is  not,"  he 

*  Gerbanite  docebant  singulos  triginta  sex  mille  annos  quadringentos,  vigintt 
qoinqae  bina  ex  singulis  animalium  speciebus  prodaci|  marem  scilicet  ac  feminam, 
ex  quibu*  animalia  propagantur,  huncque  inferiorem  incolant  orbem.  Absnlata. 
aotem  ccelestiam  orbium  circulatione,  quoB  illo  annorum  conficitur  spatio,  iteram 
alia  prodaeuntur  animalium  genera  et  species,  quemadmodum  et  plantarum 
aliammque  remm,  et  primus  destruitur  ordo,  sicque  in  infinitum  producitur. — Histor. 
Orient.  Suppl.  per  Abrahamum  Ecchellensum,  Syrum  Maronit&mi  cap.  7  et  8.  ad 
calcpm  Chronici  Oriental.    Parisiis,  e  Typ.  regia,  1685,  fol. 

I  have  given  the  punctuation  as  in  the  Paris  edition,  there  being  no  comma  after 
qoinque ;  but,  at  the  suggestion  of  M.  de  Schlegel,  I  have  referred  the  number 
twenty -five  to  the  period  of  years,  and  not  to  the  number  of  pairs  of  each  species 
created  at  one  time,  as  1  had  done  in  the  two  first  editions.  Fortis  inferred  that 
twenty-five  new  specie*  only  were  created  at  a  time;  a  construction  which  the 
will  not  admit    M^m.  sur  THist.  Nat.  de  I'ltalie,  vol.  i.  p.  202. 
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says,  "because  the  lands  covered  by  seas  were  originally  at  diffeiest 
altitudes,  that  the  waters  have  risent  or  subsided,  or  receded  from  some 
parts  and  inundated  others.  But  the  reason  is,  that  the  same  land  ii 
sometimes  raised  up  and  sometimes  depressed,  and  the  sea  also  is  aimol- 
taneously  raised  and  depressed,  so  that  it  either  overflows  or  retams  into 
its  own  place  again.  We  must,  therefore,  ascribe  the  cause  to  the  ground, 
neither  to  that  ground  which  is  under  the  sea,  or  to  that  which  becomei 
flooded  by  it,  but  rather  to  that  which  lies  beneath  the  sea,  for  this  is  more 
moveable,  and,  on  account  of  its  humidity,  can  be  altered  with  greater 
celerity.*  **  //  is  proper t**  he  observes  in  continuation,  '*/o  derive  our 
explanations  from  things  which  are  obvious^  and  in  some  measure  ef 
daily  occurrence^  such  as  deluges,  earthquakes^  and  volcanic  eruptions^i 
and  sudden  swellings  of  the  land  beneath  the  sea ;  for  the  last  raise  ap 
the  sea  also;  and  when  the  same  lands  subside  again,  they  occasion  the 
sea  to  be  let  down.  And  it  is  not  merely  the  small,  but  the  large  islands 
also,  and  not  merely  the  islands,  but  the  continents,  which  can  be  lifted 
up  together  with  the  sea ;  and  both  large  and  small  tracts  may  subside, 
for  habitations  and  cities,  like  Bure,  Bizona,  and  many  others,  have  been 
engulphed  by  earthquakes." 

In  another  place  this  learned  geographer,  in  alluding  to  the  tradition  that 
Sicily  had  been  separated  by  a  convulsion  from  Italy,  remarks,  that  at 
present  the  land  near  the  sea  in  those  parts  was  rarely  shaken  by  earth- 
quakes, since  there  were  now  open  orifices  whereby  fire  and  ignited 
matters,  and  waters  escape ;  but  formerly,  when  the  volcanos  of  Etna, 
the  Lipari  Islands,  Ischia,  and  others,  were  closed  up,  the  imprisoned 
fire  and  wind  might  have  produced  far  more  vehement  movements.}  The 
doctrine,  therefore,  that  volcanos  are  safety  valves,  and  that  the  subter- 
ranean convulsions  are  probably  most  violent  when  first  the  volcanic 
energy  shi(\s  itself  to  a  new  quarter,  is  not  modern. 

We  learn  from  a  passage  in  Strabo,§  that  it  was  a  dogma  of  the  Gaulish 
Druids  that  the  universe  was  immortal,  but  destined  to  survive  catastrophes 
both  of  fire  and  water.  That  this  doctrine  was  communicated  to  them 
from  the  East,  with  much  of  tlieir  learning,  cannot  be  doubted.  Cssar, 
it  will  be  remembered,  says  that  they  made  use  of  Greek  letters  in  arith- 
metical computations.il 

*  **  Quod  enim  hoc  attollitur  ant  8ubsidit|  et  ve\  inundat  qasdam  loca,  yel  ab  iii 
recedit,  ejus  rei  causa  non  est,  quod  alia  aliis  sola  humiliora  sint  aut  altiora ;  sed 
quod  idem  solum  modo  attollitur  modo  deprimitur,  simulque  etiam  modo  attollitur 
mod6  deprimitar  mare:  itaque  ve\  exundat  vel  in  suum  redit  locum." 

Postea,  p.  88.  ''  Restat,  ut  causam  adscrilMunus  solo,  sive  quod  maii  subest  sive 
quod  inundatur ;  potitis  tamen  ei  quod  mari  subest.  Hoc  enim  mult6  est  mobilias, 
et  quod  ob  humiditatem  celerius  mutari  possit." — Strabo,  Geog.  Edit.  Almelor. 
Amst.  1707.  lib.  i. 

t  Volcanic  eruptions,  eruptiones  flatuum,  in  the  Latin  translation,  and  in  the 
original  Greek,  «y«(^r«/u<tT«,  gaseous  eruptions?  or  inflations  of  land  ? — Ibid.,  p.  93. 

t  Strabo,  lib.  ▼!.  p.  396.  §  Book  iv.  ||  L.  vi.  ch.  xiii. 
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—This  philofopher  had  no  theoretical  oinniona  of  hia  0¥ni 
onieeniing  ehaogea  of  the  earth's  surface ;  and  in  this  department,  as  in 
others,  he  restricted  himself  to  the  task  of  a  compiler,  wiUiont  reasoning 
on  thiS  bets  stated  by  himf  or  attempting^  to  digest  them  into  regular 
order.  But  his  enumeration  of  the  new  islands  which  had  been  formed 
in  the  Hediterranean,  add  of  other  oonvnlsions,  shows  that  the  ancients 
had  not  been  inattentiTC  obsenrers  of  the  changes  which  had  taken 
place  within  the  memory  of  man. 

Saeh,  then,  appear  to  have  been  the  opinions  entertained  before  the 
ChiistiaB  era,  coneeming  the  past  revolutions  of  our  globe.    Although  no 
psfftieol&r  iwreetigalkNui  had  been  made  for  the  express  purpose  of  inter- 
preting the  momiments  of  ancient  changes,  they  were  too  obvious  to  be 
entirely  dinegarded ;  and  the  observation  of  the  present  course  of  nature 
presented  loo  many  proofs  of  alterations  continually  in  progress  on  the 
earth  to  allow  philosophers  to  believe  that  nature  was  in  a  state  of  rest, 
or  that  the  snrface  had  remained,  and  would  continue  to  remain,  unaltered. 
But  Ih^  had  never  compared  attentively  the  results  of  the  destroying  and 
reproductive  operations  of  modem  times  with  those  of  remote  eras,  nor  had 
diey  ever  entertained  90  much  as  a  conjecture  concerning  the  comparative 
aotiqiuty  of  the  hwnao  race,  or  of  living  species  of  animals  and  plants, 
with  thoee  belonging  to  former  conditions  of  the  organic  world.    They 
had  stndied  the  movements  and  positions  of  the  heavenly  bodies  with 
lahorions  industry,  and  made  some  progress  in  investigating  the  animal, 
vegylahle,  and  mineral  kingdoms ;  but  the  ancient  history  of  the  globe 
was  to  them  a  sealed  book,  and,  although  written  in  characters  of  thet, 
■est  striJuBg  and  imposing  kind,  they  were  unconscious  even  of  its 
sTistence, 


Vol.  I.— E 


CHAPTER  III. 

HISTORY  OF  THE  FR0ORE88  OF  OBOLOOT — tOfUtiVUed* 

Arabian  writers  of  the  tenth  century — Avicenna — Omar — Ooanogat^  of  the  Koran 
— Kaxwini — Early  Italian  writen  (p.  37.)— Fracastoro-^CootroTeray  at  to  the  real 
nature  of  fosiila — Attributed  to  the  Mosaic  deluge — Palissy — Steno  (p.  40.) — Scilla 
—Quirini— Boyle— Lister— Leibnitz—Hooke'i  Theory  of  Elevation  by  Earth- 
quakes (p.  44.) — Of  lost  species  of  animals — Ray—^Physioo-theological  writers- 
Woodward's  Diluvial  Theory  (p.  48)— Burnet — Wbiston — Vallisneri — Laxaaio 
Moro  (p.  52.) — Gtenerelli — Buffon  (p.  57.) — His  theory  condemned  by  the  Sorbonne 
as  unorthodox — His  declaration — ^Targioni — Arduino— Michell — CatcottT— Raspe 
Fuchsel  (p.  61.)— Fortif-Testft—Whitehurst— Pallas— Saussur^. 

Arabian  writers. — After  the  decline  of  the  Roman  empire,  the  cnltiva- 
tion  of  pliysical  science  was  first  revived  with  some  success  by  the  Sara- 
cens, about  the  middle  of  the  eighth  century  of  our  era.  The  works  of 
the  most  eminent  classic  writers  were  purchased  at  great  expense  from 
the  Christians,  and  translated  into  Arabic ;  and  Al  Mamftn,  son  of  the 
famous  Harftn-al-Rashid,  the  contemporary  of  Charlemagne,  received 
with  marks  of  distinction,  at  his  court  at  Bagdad,  astronomers  and  men  of 
learning  from  different  countries.  This  caliph,  and  some  of  his  sucoetiors, 
encountered  much  opposition  and  jealousy  from  the  doctors  of  the  Maho- 
mcdan  law,  who  wished  the  Moslems  to  confine  their  studies  to  the  Koran, 
dreading  the  effects  of  the  diffusion  of  a  taste  for  the  physical  sciences.* 

Avicenna. — Almost  all  the  works  of  the  early  Arabian  writers  are  lost 
Amongst  those  of  the  tenth  century,  of  which  fragments  are  now  extant, 
is  a  short  treatise  **  On  the  Formation  and  Classification  of  Minerals,"  by 
Avicenna,  a  physician,  in  whose  arrangement  there  is  considerable  merit 
The  second  chapter,  **  On  the  Cause  of  Mountains,"  is  remarkable  ;  for 
mountains,  he  says,  are  formed,  some  by  essential,  others  by  accidental 
causes.  In  illustration  of  the  essential,  he  instances  **  a  violent  earthquake, 
by  which  land  is  elevated,  and  becomes  a  mountain  ;"  of  the  accidental, 
the  principal,  he  says,  is  excavation  by  water,  whereby  cavities  are  pro- 
duced, and  adjoining  lands  made  to  stand  out  and  form  eminences.! 

Omar — Cosmogony  of  the  Koran. — ^In  the  same  century  also,  Omar, 
sumamed  '*  El  Aalem,"  or  "  The  Learned,"  wrote  a  work  on  *'  The 
Retreat  of  the  Sea."    It  appears  that  on  comparing  the  charts  of  his  own 

*  Mod.  Univ.  Hist.  toI.  ii.  chap,  iv,  section  iii. 

t  Montes  quand6que  fiunt  ex  causa  essentiali,  quand6que  ex  causa  accidental!. 
Ex  essentiali  causa,  ut  ez  vehementi  motu  terre  elevatur  terra,  et  fit  mons.  Acci- 
dentati,  &c. — De  Congelatione  Lapidum,  ed.  Gedani,  1682. 
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time  with  those  made  by  the  Indian  and  Persian  aatronomers  two  thou- 
nnd  years  before,  he  had  satisfied  himself  that  important  changes  had 
taken  place  since  the  times  of  history  in  the  form  of  the  coasts  of  Asia, 
aad  that  the  extension  of  the  sea  had  been  greater  at  some  former  periods. 
He  was  confirmed  in  this  opinion  by  the  numerous  salt  springs  and 
marshes  in  the  interior  of  Asia<— a  phenomenon  from  which  Pallas,  ia 
more  recent  times,  has  drawn  the  same  inference. 

Yon  Hoff  has  snggested,  with  great  probability,  that  the  changes  in  the 
lerel  of  the  Caspian  (some  of  which'  there  is  reason  to  believe  have  hap^ 
pened  within  the  historical  era),  and  the  geological  appearances  in  thai 
district,  indicating  the  desertion  by  that  sea  of  its  ancient  bed,  had  probably 
led  Omar  to  his  theory  of  a  general  subsidence.  But  whatever  may  have 
been  the  proofs  relied  on,  his  system  was  declared  contradictory  to  certain 
passages  in  the  Koran,  and  he  was  called  upon  publicly  to  recant  his 
errors ;  to  avoid  which  persecution  he  went  into  voluntary  banishment 
from  Samarkand.* 

The  cosmological  opinions  expressed  in  the  Koran  are  few,  and  merely 
introdnoed  incidentally :  so  that  it  is  not  easy  to  understand  how  they 
eould  have  interfered  so  seriously  with  free  discussion  on  the  former 
changes  of  the  globe.  The  Prophet  declares  that  the  earth  was  created 
in  two  days,  and  the  mountains  were  then  placed  on  it;  and  during  these, 
and  two  additional  days,  the  inhabitants  of  the  earth  were  formed;  and  in 
two  BMire  the  seven  heavens.t  There  is  no  more  detail  of  circumstances ; 
and  the  deluge,  which  is  also  mentioned,  is  discussed  with  equal  brevity. 
The  waters  are  represented  to  have  poured  out  of  an  oven ;  a  strange 
ftUe,  said  to  be  borrowed  from  the  Persian  Magi,  who  represented  them 
as  issning  firom  the  oven  of  an  old  woman4  All  men  were  drowned, 
save  Noah  and  his  family;  and  then  God  said,  **  O  earth,  swallow  up  tliy 
waters ;  and  thou,  O  heaven,  withhold  thy  rain ;"  and  immediately  the 
waters  abated.$ 

*  Von  Hoffy  Geschichte  der  Verandeningen  der  Erdoberflache,  vol.  i.  p.  406,  who 
cites  Oelisle,  bey  Hismann  Welt-and  Volkergeichichte.  Alte  Gesch.  lt«r  Theil.  8. 
834. — ^The  Arabian  penecationa  for  heretical  dogmas  in  theology  were  oflen  very 
angninary.  In  the  same  ages  wherein  learning  was  most  in  esteem,  the  Mahome- 
tins  were  divided  into  two  sects,  one  of  whom  maintained  that  the  Koran  was  increate, 
tad  had  subsisted  in  the  very  essence  of  Crod  from  ail  eternity ;  and  the  other,  the 
Motaalites,  who,  admitting  that  the  Koran  was  instituted  by  God,  conceived  it  to 
hare  beeif  first  made  when  revealed  to  the  Prophet  at  Mecca,  and  accused  their  op- 
ponents of  believing  in  two  eternal  beings.  The  opinions  of  each  of  these  sects  were 
taken  up  by  different  caliphs  in  succession,  and  the  followers  of  each  sometimes  sub- 
mitted to  be  beheaded,  or  flogged  till  at  the  point  of  death,  rather  than  renounce  their 
creed. — Mod.  Univ.  Hist.  vol.  ii.  oh.  iv. 

t  Koran,  chap.  xli. 

I  Sale's  Koran,  chap.  zi.  see  note.  §  Ibid. 
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We  may  suppose  Omar  to  have  represented  the  desertion  of  the  land 
by  the  sea  to  have  been  g[radual,  and  that  his  hypothesis  required  a  greater 
lapse  of  ages  than  was  consistent  with  Moslem  orthodoxy  ;  for  it  is  u>  be 
inferred  from  the  Koran,  that  man  and  this  planet  were  created  at  the 
same  time  ;  and  although  Mahomet  did  not  limit  expressly  the  antiquity 
of  the  human  race,  yet  he.  gave  an  implied  sanction  to  the  Mosaic  chro* 
nology,  by  the  veneration  exprewed  by  him  for  the.  Hebrew  Patriarchs.* 

A  manuscript  work,  entitled  the  **  Wonders  of  Nature,"  is  presenred 
in  the  Royal  Library  at  Paris,  by  an  Arabian  writer*  Mohammed  Kazwinif 
who  flourished  in  the  seventh  century  of  the  Hegira,  or  at  the  olose  of 
the  thirteenth  century  of  our  era.t  Besides  several  curious  remarks  oa 
aerolites,  earthquakes,  and  the  successive  changes  of  position  which  the 
land  and  sea  have  undergone,  we  meet  with  the  following  beautiful  pas- 
sage, which  is  given  as  the  narrative  of  KhidluK,  an  allegorical  perso_nage: 
— *'  I  passed  one  day  by  a  very  ancient  and  wonderfully  populous  city^ 
and  asked  one  of  its  inhabitants  how  long  it  had  been  founded.  *  It  if 
indeed  a  mighty  city,'  replied  he,  *  we  know  not  how  long  it  has  existed, 
and  our  ancestors  were  on  this  subject  as  ignorant  as  ourselves*'  Five 
centuries  afterwards,  as  I  passed  by  the  same  place,  I  could  not  perceive 
the  slightest  vestige  of  the  city,  I  demanded  of  a  peasant  who  was 
gathering  herbs,  upon  its  former  site,  bow  long  it  had  been  destroyed* 
*  In  sooth,  a  strange  question  !'  replied  he.  *  The  ground  here  has  uevec 
been  different  from  what  you  now  behold  it.'— *  Was  there  not  of  pldt*. 
said  I,  '  a  splendid  city  here  f— *  Never,'  answered  he,  '  so  far  as  we 
have  seen,  and  never  did  our  fathers  speak  to  us  of  any  such.'  On  mf 
return  there,  five  hundred  years  afterwards,  I  found  the  sea  in  the  same 
place^  and  on  its  shores  were  a  party  of  fishermen,  of  whom  I  inquired 
how  long  the  land  had  been  covered  by  the  waters?  '  Is  this  aquestiont* 
said  they,  *'for  a  manlike  you  ?  this  spot  has  always  been  what  it  is  now/ 
I  again  returned,  five  hundred  years  afterwards,  and  the  sea  had  disap- 
peared ;  I  inquired  of  a  man  who  stood  alone  upon  the  spot,  how  long 
ago  this  change  had  taken  place,  and  he  gave  me  the  same  answer  as  I 
had  received  before.  Lastly,  on  coming  back  again  after  an  equal  lapse 
of  time,  I  found  there  a  flourishing  city,  more  populous  and  more  rich  in 
beautiful  buildings  than  the  city  I  had  seen  the  first  time,  and  when  I 
would  fain  have  informed  myself  concerning  its  origin,  the  inhabitants 
answered  me,  *  Its  rise  is  lost  in  remote  antiquity  :  we  are  ignorant  how 
long  it  has  existed,  and  our  fathers  were  on  this  subject  as  ignorant  as 
ourselves.' " 

*  Kowa,  appointed  master  to  the  Caliph  Al  Mamiid,  wag  author  of  a  book  entitled 
"The  History  of  the  Patriarchs  and  Prophets,  ^om  fAe  Creation  of  the  World."-- 
Mod.  Univ.  Hist.  vol.  ii.  chap.  iv. 

t  Translated  by  MM.  Cheiy  and  De  Sacy,  and  cited  by  M.  Elie  de  BeaonMmt, 
Ann  des  Sci.  Nat.  1832. 
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Harfy  liaKan  writers — FraeOMtorOf  1517* — ^It  was  not  till  the.  Milief 
part  of  the  sixteenth  century  that  geological  phenomena  began  to  attract 
the  attention  of  the  Christian  nations.  At  that  period  a  very  animated 
eontroTersf  sprang  up  in  Ilaly«  eonceming  the  true  nature  and  origin  of 
marine  sheDs,  and  other  organized  fossils,  found  abundantly  in  the  strata 
of  the  peninsula.*  The  excavations  made  in  1617,  for  repairing  the  ciQr 
of  Verona,  brouf^t  to  light  a  multitude  of  curious  petrifactions,  and  fur* 
Dished  matter  for  speenlation  to  different  authors,  and  among  the  rest  to 
Firacastoio,t  who  declared  his  opinion,  that  fossil  sheila  had  all  belonged 
to  lirinf  animals,  which  had  formerly  lived  and  multiplied  where  their 
exuvie  are  now  found.  He  exposed  the  absurdity  of  having  recourse  to 
a  certain  **  plastic  force,**  which  it  was  said  had  power  to  fashion  stones 
into  organic  forms ;  and  with  no  less  cogent  arguments,  demonstrated  the 
fbtility  of  attributing  the  situation  of  the  shells  in  question  to  the  Mosaic 
deluge,  a  theory  obstinately  defended  by  some.  That  inundation,  he  ob- 
aerved,  was  too  transient,  it  consisted  principally  of  fluviatile  waten ;  and 
if  it  had  transported  shells  to  great  distances,  must  have  strewed  them 
over  the  surface,  not  buried  them  at  vast  depths  in  the  interior  of  foun- 
tains. His  clear  exposition  of  the  evidence  would  have  terminated  the 
discussion  for  ever,  if  the  passions  of  mankind  had  not  been  enlisted  in 
the  dispute ;  and  even  though  doubts  should  for  a  time  have  remained 
in  some  minds,  they  would  speedily  have  been  removed  by  the  fresh  in- 
(mnation  obtained  almost  immediately  afterwards,  respecting  the  structure 
of  fossil  remains,  and  of  their  living  analogues. 

But  the  clear  and  philosophical  views  of  Fracastoro  were  disregarded, 
and  the  talent  and  argumentative  powers  of  the  learned  were  doomed  for 
three  eentories  to  be  wasted  in  Uie  discussion  of  these  two  simple  and 
preliminary  questions :  fint,  whether  fossil  remains  had  ever  belonged  to 
living  creatores ;  and,  secondly,  whether,  if  this  be  admitted,  all  the  phe- 
aomena  could  not  be  explained  by  the  Noachian  deluge.  It  had  been  the 
fsaeral  belief  of  the  Christian  world  down  to  the  period  now  under  con^ 
sideration,  that  the  origin  of  this  planet  was  not  more  remote  than  a  few 
thousand  yean ;  and  that  since  the  creation  the  deluge  was  the  only  great 
catastrophe  by  which  considerable  change  had  been  wrought  on  the 
earth's  sorfooe.  On  the  other  hand,  the  opinion  was  scarcely  less  general 
that  the  final  dissolution  of  our  system  was  an  event  to  be  looked  for  at  no 
distant  period.  The  era,  it  is  true,  of  the  expected  millennium  had  passed 
away ;  and  for  five  hundrad  yean  after  the  fatal  hour,  when  the  annihila- 
tion of  the  planet  had  been  looked  for,  the  monks  remained  in  undis- 
turbed enjoyment  of  rich  grants  of  land  bequeathed  to  them  by  pious  do- 
Dore,  who,  in  the  preamble  of  deeds  beginning  "  appropinquante  mundi 

*  See  BroeeU's  Diicanne  on  the  ProgreM  of  the  Study  of  Fofsil  Conchology  in 
Itdj,  wbero  MOW  of  tl»  fiiUowiiig  noCicet  on  1  talian  writan  wiU  be  found  more  ^^ 
t  M oaefun  Calceol. 
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termino"— -^*<  appropinquantemagnojudicii  die,"  left  lasting  monument 
of  the  popular  delusion.* 

But  although  in  the  sixteenth  century  it  had  become  necessary  to  ii 
tetpret  the  prophecies  more  liberally,  and  to  assign  a  more  distant  date  1 
the  future  conflagration  of  the  world,  we  find,  in  the  speculations  of  tli 
early  geologists,  perpetual  allusion  to  such  an  approaching  catastrophe 
while  in  all  that  regarded  the  antiquity  of  the  earth,  no  modification  wha 
ever  of  the  opinions  of  the  dark  ages  had  been  eflected.  Considenib] 
alarm  was  at  first  excited  when  the  attempt  was  made  to  invalidate,  b 
physical  proofs,  an  article  of  faith  so  generally  received ;  but  there  wi 
sufficient  spirit  of  toleration  and  candour  amongst  the  Italian  ecclesiastic 
to  allow  the  subject  to  be  canvassed  with  much  freedom.  They  even  er 
tered  warmly  into  the  controversy  themselves,  often  favouring  diflerei 
sides  of  the  question;  and  however  much  we  may  deplore  the  loss  < 
time  and  labour  devoted  to  the  defence  of  untenable  positions,  it  must  b 
conceded,  that  they  displayed  far  less  polemic  bitterness  than  certal 
writers  who  followed  them  **  beyond  the  Alps,"  two  centuries  and  a  ha 
later. 

CONTROVERSY  AS  tO  THE  REAL  NATURE  OF  FOSSIL  ORGANIC  REMAINS^ 

Mattioli — Falioppio, — The  system  of  scholastic  disputations  enconi 
aged  in  the  univcrsitieiB  of  the  middle  ages  had  unfortunately  trained  men  t 
habits  of  indefinite  argumentation ;  and  they  often  preferred  absurd  an( 
extravagant  propositions,  because  greater  skill  was  required  to  maintaii 
them ;  the  end  and  object  of  these  intellectual  combats  being  victory,  ant 
not  troth.  No  theory  could  be  so  far-fetched  or  fantastical  as  not  to  at 
tract  some  followers,  provided  it  fell  in  with  popular  notions ;  and  as  cos 
mogonists  were  not  at  all  restricted,  in  building  their  systems,  to  tht 
agency  of  known  causes,  the  opponents  of  Fracastoro  met  his  argument! 
by  feigning  imaginary  causes,  which  diflered  from  each  other  rather  ii 
name  than  in  substance.  Andrea  Mattioli,  for  instance,  an  eminent  foota 
nist,  tlie  illustrator  of  Dioscorides,  embraced  the  notion  of  Agricola,  i 
skilful  German  miner,  that  a  certein  *'  materia  pinguis,"  or  **  fatty  matter,' 
set  into  fermentation  by  heat,  gave  birth  to  fossil  organic  shapes.  Yet 
Mattioli  had  come  to  the  conclusion,  from  his  own  observations,  that  po- 
rous bodies,  such  as  bones  and  shells,  might  be  converted  into  stone,  ai 
being  permeable  to  what  he  termed  the  **  lapidifying  juice."  In  like  man- 
ner, Falloppio  of  Padua  conceived  that  petrified  shells  were  generated  by 
fermentation  in  the  spots  where  they  are  found,  or  that  they  had  in  some 
cases  acquired  their  form  from  *'  the  tumultuous  movements  of  terrestrial 

*  In  Sicily,  in  particular,  the  title-deeds  of  many  yaluable  grants  of  land  to  the 
monasteries  are  headed  by  such  preambles,  composed  by  the  testators  about  the  pe- 
riod when  the  good  King  Roger  was  expelling  the  Saracens  from  that  island. 
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ezhalitioDs/'     Although  celebrated  as  a  professor  of  anatomy,  he  taught 

that  certain  tusks  of  elephants  dug  up  in  his  time  at  Pnglia  were  mere 

earthy  concretions ;  and  consistently  with  these  principles,  he  even  went 

10  far  as  to  consider  it  probable,  that  the  vases  of  Monte  Testaceo  at  Rome 

were  natural  impressions  stamped  in  the  soil.*^    In  the  same  spirit,  Mer- 

cati,  who  published,  in  1574,  faithful  figures  of  the  fossil  shells  preserved 

by  Pope  Sixtus  V.  in  the  Museum  of  the  Vatican,  expressed  an  opinion 

that  they  were  mere  stones,  which  had  assumed  their  peculiar  eonfigura-. 

tion  from  the  influence  of  the  heavenly  bodies;  and  Olivi  of  Cremona,  who 

described  the  fossil  remains  of  a  rich  Museum  at  Verona,  was  satisfied 

with  considering  them  as  mere  '*  sports  of  nature.'* 

Some  of  the  fanciful  notions  of  those  times  were  deemed  less  unrea- 
sonable* as  being  somewhat  in  harmony  with  the  Aristotelian  theory  of 
spontaneous  generation,  then  taught  in  all  the  schools.  For  men  who  had 
been  taught  in  early  youth,  that  a  large  proportion  of  living  animals  and 
plants  were  formed  from  the  fortuitous  concourse  of  atoms,  or  had  sprung 
from  the  corruption  of  organic  matter,  might  easily  persuade  themselves 
that  organic  shapes,  oiVen  imperfectly  preserved  in  the  interior  of  solid 
rocks,  owed  their  existence  to  causes  equally  obscure  and  mysterious. 

Cardano^  1552.— But  there  were  not  wanting  some  who,  during  the 
progress  of  this  century,  expressed  more  sound  and  sober  opinions.  The 
tide  of  a  work  of  Cardanp*s,  published  in  1552,  **De  Subtilitate"  (cor- 
responding to  what  would  now  be  called  Transcendental  Philosophy), 
would  lead  us  to  expect,  in  the  chapter  on  minerals,  many  far-fetched  theo- 
ries characteristic  of  that  age ;  but,  when  treating  of  petrified  shells,  he  de- 
cided that  they  clearly  indicated  the  former  sojourn  of  the  sea  upon  the 
moontains.t 

Cesa^ino-^MqjoKf  1597.«-Oesalpino,  a  celebrated  botanist,  conceived 
that  foesil  shells  had  been  left  on  the  land  by  the  retiring  sea,  and  had 
conereted  into  stone  during  the  consolidation  of  the  soil  4  and  in  the  fol- 
lowing year  (1597),  Simeone  Majoli§  went  still  farther ;  and,  coinciding 
for  the  most  part  with  the  views  of  Cesalpino,  suggested  that  the  shells 
and  submarine  matter  of  the  Veronese,  and  other  districts,  might  have  been 
cut  up  upon  the  land  by  volcanic  explosions,  like  those  which  gave  rise, 
ui  1538,  to  Monte  Nuovo,  near  Puzzuoli.  This  hint  seems  to  have  been 
the  first  imperfect  attempt  to  connect  the  position  of  fossil  shells  with  the 
agency  of  volcanos,  a  system  afterwards  more  fully  developed  by  Hooke, 
Lazaearo  Moro,  Hutton,  and  other  writers. 

Two  years  afterwards,  Imperati  advocated  the  animal  origin  of  fossil- 
ized shells,  yet  admitted  that  stones  could  vegetate  by  force  of  *'  an  inter- 

*  Oe  FoMiUb.  pp.  109  and  176. 

t  Brocchi,  Con.  Fou.  Sabap.  Diic.  foi  ProgreBu.  vol.  i.  p.  57. 

I  De  Metallicifl.  §  Diet  CanicularM. 
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tal  principle ;"  and,  as  eTtdence  of  this,  he  referred  to  the  teeth  of  fish, 
sad  spines  of  echini  found  petrified.'^ 

PalUty^  1580.--^Palise7,  a  French  writer  on  *^The  Origin  of  Springs 
fWnn  Rain-water,**  and  of  other  scientific  works,  undertook,  in  1680,  to 
combat  the  notions  of  many  of  his  contemporaries  in  Italy,  that  petrified 
shells  had  all  been  deposited  by  the  universal  deluge.  *'  He  was  the 
first,**  said  Fontenelle,  when,  in  the  French  Academy,  he  pronounced 
his  eulogy,  nearly  a  century  and  a  half  later,  **  who  dared  to  assert,**  m 
Paris,  that  fossil  remains  of  testacea  and  fish  had  once  belonged  to  marine 
animals. 

Fabio  Colonna.^-To  enumerate  the  multitude  of  Italian  writers,  who 
advanced  various  hypotheses,  all  equally  fantastical,  in  the  eariy  part  of 
the  seventeenth  century,  would  be  unprofitably  tedious;  but  Fabio  Co- 
lonna  deserves  to  be  distinguished ;  for^  although  he  gave  way  to  te 
dogma,  that  all  fossil  remains  were  to  be  referred  to  the  Noachian  deluge, 
he  resisted  the  absurd  theory  of  Stelluti,  who  taught  that  fossil  wood  and 
ammonites  were  mere  clay,  altered  into  such  forms  by  sulphureous  wateis 
and  subterratean  heat;  and  he  pointed  out  the  different  states  of  sheUi 
buried  in  the  strata,  distinguishing  between,  first,  the  mere  mould  oi 
impression ;  secondly,  the  cast  or  nucleus ;  and,  thirdly,  the  remains  ol 
the  shell  itself.  He  had^also  the  merit  of  being  the  first  to  point  out, 
that  some  of  the  fossils  had  belonged  to  marine,  and  some  to  terreitrid, 
testacea.t 

StenOi  1(109.— But  the  most  remarkable  work  of  that  period  was  pub- 
lished by  Steno,  a  Dane,  once  professor  of  anatomy  at  Padua,  and  whc 
afterwards  resided  many  years  at  the  court  of  the  Grand  Duke  of  7\» 
cany.     His  treatise  bears  the  quaint  title  of  *'  De  Solido  intra  Solidun 
naturaliter  contento  (16(19),"  by  which  the  audior  intended  to  express 
**  On  Gems,  Crystals,  and  organic  petrifactions  inclosed  within  solif 
Rocks.**     This  work  attests  the  priority  of  the  Italian  school  in  geologi 
eal  research ;  exemplying  at  the  same  time  the  powerful  obstacles  opposed 
in  that  age,  to  the  general  reception  of  enlarged  views  in  the  science 
It  was  still  a  favourite  dogma,  that  the  fossil  remains  of  shells  an( 
marine  creatures  were  not  of  animal  origin ;  an  opinion  adhered  to  b; 
many  from  their  extreme  reluctance  to  believe,  that  the  earth  couM  hav« 
been  inhabited  by  living  beings  before  a  great  part  of  the  existing  mouii 
tains  were  formed.    In  reference  to  this  controversy,  Steno  had  disseote* 
a  shark  recently  taken  from  the  Mediterranean,  and  had  demonstrate 
that  its  teeth  and  bones  were  identical  with  many  fossib  found  in  Tui 
cany.     He  had  also  compared  the  shells  discovered  in  the  Italian  strat 
with  living  species,  pointed  out  their  resemblance,  and  traced  the  varioo 

*  Stpria  NatanJe. 

t  Ofierv.  ■Qgll  Animali  aqoat  e  terreit  1626. 
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Ration*  from  skelU  merely  calcined,  or  which  had  only  lost  their 
iBimil  gluten«  to  those  petrifactions  ia  which  there  was  a  perfect  substi- 
totion  of  stony  matter.     In  his  di? ision  of  mineral  masses,  he  insisted  on 
the  secondary  origin  of  those  deposits  in  which  the  spoils  of  animab, 
or  fragments  of  older  rocks  were  inclosed.     He  distinguished  between 
fflarine  formations  and  those  of  a  fluviatile  character,  the  last  containing 
reeds,  grasses,  or  the  tninks  and  branches  of  trees.     He  argued  in  favour 
of  the  original  horiaontality  of  sedimentary  deposits,  attributing  their 
present  inclined  and  vertical  position  sometimes  to  the  escape  of  subterra- 
nean vapours,  heaving  the  crust  of  the  earth  from  below  upwards,  and 
sometimes  to  the  falling  in  of  masses  over-lying  subterranean  cavities. 

He  declared  that  he  had  obtained  proof  that  Tuscany  mupX  successively 
have  acquired  six  distinct  configurations,  having  been  twice  covered  by 
water,  twice  laid  dry  with  a  level,  and  twice  with  an  irregular  and  uneven 
surface.*  He  displayed  great  anxiety  to  reconcile  his  new  views  with 
Scripture,  for  which  purpose  he  pointed  to  certain  rocks  as  having  been 
formed  before  the  existence  of  animals  and  plants ;  selecting  unfortu- 
aately  as  examples,  certain  formations  of  limestone  and  sandstone  in  his 
own  coantiy,  now  known  to  contain,  though  sparingly,  the  remains  of 
animals  and  plants,— ^strata  which  do  not  even  rank  as  the  oldest  part  of 
oar  secondary  series.  Steno  suggested  that  Moses,  when  speaking  of  the 
loftiest  monntains  as  having  been  covered  by  the  deluge,  meant  merely 
the  loftiest  of  the  hills  then  existing,  which  may  not  have  been  very  high* 
The  diluvian  waters,  he  supposed,  may  have  issued  from  the  interior  of 
the  earth  into  which  they  had  retired,  when  in  the  beginning  the  land 
had  separated  from  the  sea.  These,  and  other  hypotheses  on  the  same 
fobject,  are  not  calculated  to  enhance  the  value  of  the  treatise,  ai\,d  could 
scarcely  fail  to  detract  from  the  authority  of  those  opinions  which  were 
sound  and  legitimate  deductions  from  fact  and  observation.  They  have 
servedt  nevertheless,  as  the  germs  of  many  popular  theories  of  later  times, 
sad  in  an  expanded  form  have  been  put  forth  as  original  inventions  by 
some  of  oar  contemporaries. 

Sdiiih  1670. — Scilla,  a  Sicilian  painter,  published,  in  1670,  a  treatise, 
in  Latin,  on  the  fossils  of  Calabria,  illustrated  by  good  engravings.  This 
work  proves  the  continued  ascendancy  of  dogmas  often  refuted ;  for  we 
find  the  wit  and  eloquence  of  the  author  chiefly  directed  against  the  obsti- 
nate incredulity  of  naturalists  as  to  the  organic  nature  of  fossil  shells.! 

*  Sex  itaque  distinctas  Etmriie  faciea  agnoscimtui,  dam  bis  fluida,  bis  plana,  et 
sicca,  bis  aspera  faerit,  &c, 

t  Scilla  quotes  the  remark  of  Cicero  on  the  story  that  a  stone  in  Chios  had  been 
cleft  open,  and  presented  the  head  of  Paniscus  in  relief: — "  I  beliere,"  said  the  ora- 
tor, "  that  the  figure  bore  some  resemblance  to  Paniscus,  bat  not  such  that  70a 
woald  have  deemed  it  scolptuxed  by  Scopas ;  for  chance  never  perfectly  imitates 
the  truth." 

Vol.  I.— P 
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Like  many  eminent  naturalists  of  his  daj,  Scilla  gave  way  to  the  popalai 
persuasion,  that  all  fossil  shells  were  the  effects  and  proofs  of  the  Mosaic 
deluge.  It  may  he  doubted  whether  he  was  perfectly  sincere,  and  somi 
of  his  contemporaries  who  took  the  same  coarse  were  certainly  not  so. 
Bot  so  eager  were  they  to  toot  out  what  they  justly  considered  an  absurc 
prejudice  respecting  the  nature  of  organized  fossils,  that  they  seem  tc 
have  been  ready  to  make  any  concessions,  in  order  to  establish  thi«  pre- 
liminary point.  Such  a  compromising  policy  was  short-sighted,  sina 
it  was  to  little  purpose  that  the  nature  of  the  documents  should  at  lengtl 
be  correctly  understood,  if  men  were  to  be  prevented  from  deducing  fail 
conclusions  from  them. 

Diluvial  Theory.— The  theologians  who  now  entered  the  field  in  Italy, 
Germany,  France,  and  England,  were  innumerable ;  and  henceforward, 
they  who  refused  to  subscribe  to  the  position,  that  all  marine  organic 
remains  were  proofs  of  the  Mosaic  deluge,  were  exposed  to  the  imputi' 
tion  of  disbelieving  the  whole  of  the  sacred  writings.  Scarcely  any  stef 
had  been  made  in  approximating  to  sound  theories  since  the  time  of  Fnt 
castoro,  more  than  a  hundred  years  having  been  lost  in  writing  down  the 
dogma  that  organized  fossils  were  mere  sports  of  nature*  An  additional 
period  of  a  century  and  a  half  was  now  destined  to  be  consumed  in 
exploding  the  hypothesis,  that  organized  fossils  had  nil  been  buried  in  thi 
solid  strata  by  the  Noachian  flood.  Never  did  a  theoretical  fallacy,  in  an} 
branch  of  science,  interfere  more  seriously  with  accurate  observation  and 
the  systematic  classification  of  facts.  In  recent  times,  we  may  attribute 
our  rapid  progress  chiefly  to  the  careful  determination  of  the  order  ol 
succession  in  mineral  masses,  by  means  of  their  difierent  organic  con< 
tents,  and  their  regular  superposition.  But  the  old  diluvialists  were 
induced  by  their  system  to  confound  all  the  groups  of  strata  together, 
instead  of  discriminating,*— to  refer  all  appearances  to  one  cause  and  tfl 
one  brief  period,  not  to  a  variety  of  causes  acting  throughout  a  long  sue- 
cession  of  epochs.  They  saw  the  phenomena  only  as  they  desired  tc 
see  them,  sometimes  misrepresenting  facts,  and  at  other  times  deducing 
false  conclusions  from  correct  data.  Under  the  influence  of  such  preju< 
dices,  three  centuries  were  of  as  little  avail  as  a  few  years  in  our  own 
times,  when  we  are  no  longer  required  to  propel  the  vessel  against  the 
force  of  an  adverse  current 

It  may  be  well,  therefore,  to  forewarn  the  reader,  that  in  tracing  the 
history  of  geology  from  the  close  of  the  seventeenth  to  the  end  of  the 
eighteenth  century,  he  must  expect  to  be  occupied  with  accounts  of  the 
retardation,  as  well  as  of  the  advance  of  the  science.  It  will  be  necessar} 
to  point  out  the  frequent  revival  of  exploded  errors,  and  the  relapse  fron 
sound  to  the  most  absurd  opinions ;  and  to  dwell  on  futile  reasoning  anc 
visionary  hypothesis,  because  some  of  the  most  extravagant  systems  wen 
invented  or  controverted  by  men  of  acknowledged  talent.    In  short,  i 


I 
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iketch  of  the  progress  of  geology  is  the  history  of  a  constant  and  violent 
itniggle  between  hew  opinions  and  ancient  doctrines,  sanctioned  by  the 
implicit  faith  of  many  generations,  and  supposed  to  rest  on  scriptural 
iQthority.  The  inquiry,  therefore,  although  highly  interesting  to  one 
who  studies  the  philosophy  of  the  human  mind,  is  too  often  barren  of 
instruction  to  him  who  searches  for  truths  in  physical  science. 

Qmrinif  1676.^-Quirini,  in  1676,*  contended,  in  opposition  to  Scilla, 
tliat  the  diluvian  waters  could  not  have  conveyed  heavy  bodies  to  the  ^ 
lommit  of  mountains,  since  the  agitation  of  the  sea  never  (as  Boyle  had 
demonstrated)  extended  to  great  depths  ;t  and  still  less  could  the  testacea, 
IS  some  pretended,  have  lived  in  these  diluvian  waters ;  for  **  the  dura- 
tion of  the  flood  was  brief,  and  the  heavy  rains  must  have  destroyed  the 
taitnesa  of  the  sea  /"  He  was  the  first  writer  who  ventured  to  maintain 
that  the  universality  of  the  Noachian  cataclysm  ought  not  to  be  insisted 
upon.  As  to  the  nature  of  petrified  shells,  he  conceived  that  as  earthy 
particles  united  in  the  sea  to  form  the  shells  of  mollusca,  the  same  crys- 
tallizing process  might  be  efifected  on  the  land ;  and  that,  in  the  latter 
case,  the  germs  of  the  animals  might  have  been  disseminated  through  the 
substance  of  the  rocks,  and  aAerwards  developed  by  virtue  of  humidity. 
Visionary  as  was  this  doctrine,  it  gained  many  proselytes  even  amongst 
the  more  sober  reasonen  of  Italy  and  Germany ;  for  it  conceded  tliat  the 
position  of  fossil  bodies  could  not  be  accounted  for  by  the  diluvial  tlieory. 

Plai — LUteff  1678.— In  the  meantime,  the  doctrine  that  fossil  shells 
had  never  belonged  to  real  animals,  maintained  its  ground  in  England, 
where  the  agitation  of  the  question  began  at  a  much  later  period.  Dr.  Plot, 
in  hie  *«  Natural  History  of  Oxfordshire"  (1G77),  attributed  to  a  •«  plastic 
virtue  latent  in  the  earth"  the  origin  of  fossil  shells  and  fishes;  and 
Lister,  to  his  accurate  account  of  British  shells,  in  1678,  added  the  fossil 
species,  under  the  appellation  of  turbinated  and  bivalve  stones.  **  Either," 
said  he,  **  these  were  terriginous,  or,  if  otherwise,  the  animals  they  so 
exactly  represent  have  become  extinct.*^  This  writer  appears  to  have 
been  the  first  who  was  aware  of  the  continuity  over  large  districts  of  the 
principal  groups  of  strata  in  the  British  series,  and  who  proposed  the 
eonstmction  of  regular  geological  maps.^ 

*  De  TeBtaceifl  fotsilibus  Mus.  Septaliani. 

t  The  opinions  of  Boyle,  alluded  to  by  Qulriniy  were  published  a  few  years  before, 
m  a  short  article  entitled  ''  On  the  Bottom  of  the  Sea."  From  observations  col- 
lected from  the  divers  of  the  pearl  fishery,  Boyle  inferred  that,  when  the  waves  were 
nx  or  seven  feet  high  above  the  surface  of  the  water,  there  were  no  signs  of  agita- 
tion at  the  depth  of  fifteen  fathoms ;  and  that  even  during  heavy  gaJes  of  wind, 
the  motion  of  the  water  was  exceedingly  diminished  at  the  depth  of  twelve  or  fiAeen 
feet.  He  had  also  learnt  from  some  of  his  informants,  that  there  were  currents  rua- 
aing  in  opposite  directions  at  different  depths. — Boyle's  Works,  vol.  iii.  p.  110.  Lon. 
4oo,  1744. 

%  See  Mr.  Conjbeare's  ezcellsot  Introdaction  to  the  <<  Outlines  of  the  Geology  of 
England  and  Wsks,"  p.  12. 
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LeiimitZj  1680. — The  great  mathematician  Leibnitz  published  hit 
**  FroUygCBt^*  in  1680.  He  imagined  this  planet  to  have  been  originalija 
burning  luminous  mass,  which  ever  since  its  creation  has  been  undergoiAg 
refrigeration.  When  the  outer  crust  had  cooled  down  sufficiently  to  allow 
the  vapours  to  be  condensed,  they  felt,  and  formed  a  universal  ocean, 
covering  the  loftiest  mountains,  and  investing  the  whole  globe.  The 
crust,  as  it  consolidated  from  a  state  of  fusion,  assumed  a  vesicular  and 
cavernous  structure ;  and  being  rent  in  some  places,  allowed  the  water  to 
rush  into  the  subterranean  hollows,  whereby  the  level  of  the  primeval 
ocean  was  lowered.  The  breaking  in  of  these  vast  caverns  is  supposed 
to  have  given  rise  to  the  dislocated  and  deranged  position  of  the  strata 
**  which  Steno  had  described,"  and  the  same  disruptions  communicated 
violent  movements  to  the  incumbent  waters,  whence  great  inundations 
ensued.  The  waters,  after  they  had  been  thus  agitated,  deposited  their 
sedimentary  matter  during  intervals  of  quiescence,  and  hence  the  various 
stony  and  earthy  strata.  **  We  may  recognise,  therefore,"  says  Leibnits, 
a  double  origin  of  primitive  masses,  the  one  by  refrigeration  from  igneous 
fusion,  the  other  by  concretion  from  aqueous  solution."*  By  tlie  repe. 
tition  of  similar  causes  (the  disruption  of  the  crust  and  consequent  floodB)^ 
alternations  of  new  strata  were  produced,  until  at  length  these  causes 
were  reduced  to  a  condition  of  quiespent  equilibrium,  and  a  more  perma- 
nent state  of  things  was  established .t 

Hooke,  1688.— The  "Posthumous  Works  of  Robert  Hooke,  M.D.," 
well  known  as  a  great  mathematician  and  natural  philosopher,  appeared 
in  1705,  containing  "A  Discourse  of  Earthquakes,"  which,  we  are 
informed  by  his  editor,  was  written  in  1668,  but  revised  at  subsequent 
periods4  Hook  frequently  refers  to  fiie  best  Italian  and  English  authors 
who  wrote  before  his  time  on  geological  subjects;  but  there  are  no  pas* 
sages  in  his  works  implying  that  he  participated  in  the  enlarged  views  of 
Steno  and  Lister,  or  of  his  contemporary.  Woodward,  in  regard  to  the 
geographical  extent  of  certain  groups  of  strata.  His  treatise,  however,  is 
the  most  philosophical  production  of  that  age,  in  regard  to  the  causes  of 
former  changes  in  the  organic  and  inorganic  kingdoms  of  nature. 

"  However  trivial  a  thing,"  he  says,  "  a  rotten  shell  may  appear  to 
some,  yet  these  monuments  of  nature  are  more  certain  tokens  of  antiquity 

*  Unde  jam  duplex  origo  intelligitur  primonim  corporum,  una,  cum  ab  ignis 
fbsione  refVigescerent,  alteHt,  cum  reconcrescerent  ex  solutione  aquarum. 

f  Rcdeunte  mox  simili  causa  strata  subinde  alia  aliis  imponercntur,  ct  fkcies  teneri 
adhuc  orbis  ssspius  novata  est.  Donee  quiescentibus  causis,  atque  eqnilibratiSi 
consistentior  emergeret  rerum  status. — For  an  able  analysis  of  the  views  of  Leibnits, 
in  his  Protogcea.  see  Mr.  Conjbeare*s  Report  to  the  Brit.  Assoc,  on  the  Progress  of 
Geological  Science ,  1832. 

X  Between  the  year  1688  and  his  death,  in  1703,  he  read  eeveral  memoirs  to  the 
Royal  Society,  and  delivered  lectures  on  various  subjects,  relating  to  fossil  remains 
uid  the  effects  of  earthquakes. 
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than  coins  or  medalit  since  the  best  of  those  may  be  coanterfeited  or 
made  by  art  and  desigOt  as  may  also  books,  manuscripts,  and  inscriptions, 
as  all  the  learned  mre  now  sufficiently  satisfied  has  often  been  actually 
practised,"  Ac. ;  **  and  though  it  must  be  granted  that  it  is  very  difficult 
to  read  them  (the  records  of  nature)  and  to  raiae  a  chronology  oui  ff 
thevn^  and  to  state  the  intervals  of  the  time  wherein  such  or  such  catastro* 
phes  and  mutations  have  happened,  yet  it  is  not  impossible."* 

Kespeeting  the  extinction  of  species.  Hook  was  aware  that  the  fossil 

ammonites,  nautili,  and  many  other  shells  and  fossil  skeletons  found  in 

England,  were  of  different  species  from  any  then  known ;  but  he  doubted 

whether  the  species  had  become  extinct,  observing  that  the  knowledge  of 

naturalists  of  all  the  marine  species,  especially  those  inhabiting  the  deep 

sea,  was  fery  deficient.    In  some  parts  of  his  writings,  however,  he 

leans  to  the  opinion  that  species  had  been  lost ;  and  in  speculating  on 

this  subject,  he  even  suggests  that  there  might  be  some  connection 

between  the  disappearance  of  certain  kinds  of  animals  and  plants,  and 

the  changes  wrought  by  earthquakes  in  former  ages.    Some  species,  he 

observes  with  great  sagacity,  are  ^* peculiar  to  certain  places^  and  not  to 

be  found  elsewhere.     If,  then,  such  a  place  had  been  swallowed  up,  it  is 

not  improbable  but  that  those  animate  beings  may  have  been  destroyed 

with  it;  and  this  maybe  true  both  of  atrial  and  aquatic  animals:   for 

those  animated  bodies,  whether  vegetables   or  animals,   which  were 

naturally  nourished  or  refreshed  by  the  air,  would  be  destroyed  by  the 

water,"  dsct    Turtles,  he  adds,  and  such  large  ammonites  as  are  found  in 

Portland,  seem  to  have  been  the  productions  of  hotter  countries ;  and  it  is 

necessary  to  suppose  that  England  once  lay  under  the  sea  within  the 

torrid  zone  I    To  explain  this  and  similar  phenomena,  he  indulges  in  a 

variety  of  speculations  concerning  changes  in  the  position  of  the  axis  of 

the  earth's  rotation,  "a  shifting  of  the  earth's  centre  of  gravity,  analagous 

to  the  revolutions  of  the  magnetic  pole,"  iic.    None  of  these  conjectures, 

however,  are  proposed  dogmatically,  but  rather  in  the  hope  of  promoting 

insh  inquiries  and  experiments. 

In  opposition  to  the  prejudices  of  his  age,  we  find  him  arguing  against 
the  idea  that  nature  had  formed  fossil  bodies  **  for  no  other  end  than  to 
play  the  mimic  in  the  mineral  kingdom;" — maintaining  that  figured 
stones  were  *'  really  the  several  bodies  they  represent,  or  the  mouldings 
of  them  petrified,"  and  "  not  as  some  have  imagined,  *  a  lusus  naturse,^ 
sporting  herself  in  the  needless  formation  ofliseless  beings."  j: 

*  Foath.  Woriis,  Lecture,  Feb.  29. 1688. 

t  Pottli.  Works,  p.  327. 

t  Porth.  Workf,  Leetnre,  Feb.  15,  1688.  Hooke  explained,  with  congiderable 
eleamefls,  tbe  different  modes  wherein  organic  substances  may  become  lapidified ; 
ud,  among  other  iUastrations,  he  mentions  some  silicified  palm-wood  brooght  firom 
Africa,  oo  whioh  M.  de  la  Hire  had  read  a  memoir  to  the  Royal  Academy  of  France 
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It  wafl  objected  to  Hooke,  that  his  doctrine  of  the  extinction  of  specii 
derogated  from  the  wisdom  and  power  of  the  Omnipotent  Creator ;  bat  t 
answered,  that,  as  individuals  die,  there  may  be  some  termination  to  tl: 
duration  of  species;  and  his  opinions,  he  declared,  were  not  repugnant  1 
Holy  Wkilj;  for  the  Scriptures  taught  that  our  system  was  degeneratini 
and  tendhlgio  its  final  dissolution ;  '*  and  as,  when  that  shall  happen,  i 
the  species  will  be  lost,  why  not  some  at  one  time  and  some  at  another?" 

But  his  principal  object  was  to  account  for  the  manner  in  which  she! 
had  been  conveyed  into  the  higher  parts  of  **  the  Alps,  Apennines,  an 
Pyrenean  hills,  and  the  interior  of  continents  in  general."  These  an 
other  appearances,  he  said,  might  have  been  brought  about  by  earti 
quakes,  **  which  have  turned  plains  into  mountains,  and  mountains  inl 
plains,  seas  into  land,  and  land  into  seas,  made  rivers  where  there  wei 
none  before,  and  swallowed  up  others  that  formerly  were,  &c.  &,c, ;  an 
which,  since  the  creation  of  the  world,  have  brought  many  great  change 
on  the  superficial  parts  of  the  earth,  and  have  been  the  instnimeni 
of  placing  shells,  bones,  plants,  fishes,  and  the  like,  in  those  plaec 
where,  with  much  astonishment,  we  find  them/'t  This  doctrine,  il  : 
true,  had  been  laid  down  in  terms  almost  equally  explicit  by  Strabo,  I 
explain  the  occurrence  of  fossil  shells  in  the  interior  of  continents,  and  1 
that  geographer,  and  other  writers  of  antiquity,  Hooke  frequently  refen 
but  the  revival  and  development  of  the  system  was  an  important  step  i 
the  progress  of  modern  science. 

Hooke  enumerated  all  the  examples  known  to  him  of  subterranean  du 
turbance,  from  '*  the  sad  catastrophe  of  Sodom  and  Gomorrah"  down  f 
the  Chilian  earthquake  of  1646.  The  elevating  of  the  bottom  of  the  sei 
the  sinking  and  submersion  of  the  land,  and  most  of  the  inequalities  < 
the  earth's  surface,  might,  he  said,  be  accounted  for  by  the  agency  ( 
these  subterranean  causes.  He  mentions  that  the  coast  near  Naples  we 
raiied  durifig  the  eruption  of  Monte  Nuovo  $  and  that,  in  1591,  Ian 
rose  in  the  island  of  St.  Michael,  during  an  eruption  ;  and  although 
would  be  more  difficult,  he  says,  to  prove,  he  does  not  doubt  but  thi 
there  had  been  as  many  earthquakes  in  the  parts  of  the  earth  under  th 
ocean,  as  in  the  parts  of  the  dry  land ;  in  confirmation  of  which,  he  met 

(June,  1692),  wherein  he  had  pointed  out,  not  only  the  tubes  running  the  length  < 
the  trunk,  but  the  roots  at  one  extremity.  De  la  Hire,  says  Hooke,  also  treated  < 
certain  trees  found  petrified  in  "  the  river  that  passes  by  Bakan,  in  the  kingdom  < 
Ava,  and  which  has  for  the  space  of  ten  leagues  the  virtue  of  petrifying  wood."  '. 
is  an  interesting  fact,  that  the  silicified  wood  of  the  Irawadi  should  have  attracte 
attention  more  than  one  hundred  years  ago.  Remarkable  discoveries  have  bee 
recently  made  there  of  fossil  animals  and  vegetables,  by  Mr.  Crawfurd  and  D 
Wallich. — See  Qeol.  Trans,  vol.  ii.  part  iii.  p.  377,  second  series.  De  la  Hire  citi 
Father  Duohats,  in  the  second  volume  of  <'  Observations  made  in  the  Indies  by  tl 
JesniU.** 
•  Posth  Works,  Lecture,  May  89, 1680.  t  Ibid.  p.  31d. 
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tioiw  the  immearanble  depth  of  the  sea  neer  some  Tolcanos.  To  attest 
the  extent  of  simnltaneoiis  subterraneao  moTements,  he  refers  to  an  earth- 
quake in  the  West  Indies,  in  the  year  1600,  where  the  space  of  earth 
raisedv  er  *'  struck  upwards,"  by  the  shock,  exceeded,  he  affirms,  the 
length  of  the  Alps  and  the  Pyrenees. 

Hooke^M  diluvial  thtory -^As  Hooke  declared  the  favourite  hypothesis 
of  the  day,  **  that  marine  fossil  bodies  were  to  be  referred  to  Noah's 
flood,"  to  be  wholly  untenable,  he  appears  to  have  felt  himself  called 
upon  to  substitute  a  diluvial  theory  of  his  own,  and  thus  he  became 
involved  in  countless  difficulties  and  conttadictions.     ''  During  the  great 
catastrophe,"  he  said,  «*  there  might  have  been  a  changing  of  that  part 
which   was  before  dry  land  into  sea  by  sinking,  and  of  that  which  was 
sea  into  dry  land  by  raising,  and  marine  bodies  might  have  been  buried  in 
sediment  beneath  the  ocean,  in  the  interval  between  the  creation  and  the 
deluge."*    l*hen   follows  a  disquisition  on  the  separation  of  the  land 
from  the  waters,  mentioned  in  Genesis :  during  which  operation  some 
places  of  the  shell  of  the  earth  were  forced  outwards,  and  others  pressed 
downwards  or  inwards,  iic.    His  diluvial  hypothesis  very  much  resem- 
bled that  of  Steno,  and  was  entirely  opposed  to  the  fundamental  principles 
professed  by  him,  that  he  would  explain  the  former  changes  of  the  earth 
in  a  more  natural  manner  than  others  had  done.    When,  in  despite  of 
this  declaration,  he  required  a  former  **  crisis  of  nature,"  and  taught  that 
earthquakes  had  become  debilitated,  and  that  the  Alps,  Andes,  and  other 
cbains,  had  been  lifted  up  in  a  few  months,  he  was  compelled  to  assume 
io  rapid  a  rate  of  change,  that  his  machinery  appeared  scarcely  less 
eztravagmnt  than  that  of  his  most  fanciful  predecessors.     For  this  reason, 
perhaps,  his  whole  theory  of  earthquakes  met  with  undeserved  neglect. 

Eayt  1602.— One  of  his  contemporaries,  the  celebrated  naturalist,  Ray, 
partieipated  in  the  same  desire  to  explain  geological  phenomena,  by  refe- 
rence to  causes  less  hypothetical  than  those  usually  resorted  to.t  In  his 
eisay  on  **  Chaos  and  Creation,"  he  proposed  a  system,  agreeing  in  its 
ootline,  and  in  many  of  its  details,  with  that  of  Hooke ;  but  his  know- 
ledge of  natural  history  enabled  him  to  elucidate  the  subject  with  various 
original  observations.  Earthquakes,  he  suggested,  might  have  been  the 
aecond  causes  employed  at  the  creation,  in  separating  the  land  from  the 
waters,  and  in  gathering  the  waters  together  into  one  place.  He  men- 
tions, like  Hooke,  the  earthquake  of  1646,  which  had  violently  shaken 
the  Andes  for  some  hundreds  of  leagues,  and  made  many  alterations 
therein.  In  assigning  a  cause  for  the  general  deluge,  he  preferred  a 
change  in  the  earth's  centre  of  gravity  to  the  introduction  of  earthquakes. 

*  PcMth.  Workf,  p.  410. 

t  Ray's  Physico-theological  Difcourses  were  of  fomewhat  later  date  than  Hooke *8 
great  work  on  earthquakes.  He  speaks  of  Hooke  as  one  "  whom  for  his  learning 
tnd  deep  insight  into  the  mysteries  of  nature  be  deservedly  honoured." — On  the 
Ddtigty  chap.  iv. 
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Some  unknown  cause,  he  said,  might  haTe  forced  the  subterranean  waters 
outwards,  as  was,  perhaps,  indicated  by  ''the  breaking  up  of  the  foun- 
tains of  the  great  deep." 

Ray  was  one  of  the  first  of  our  writers  who  enlarged  upon  the  effects 
of  running  water  upon  the  land,  and  of  the  encroachment  of  the  sea  upon 
the  shores*  So  important  did  he  consider  the  agency  of  these  causes, 
that  he  saw  in  them  an  indication  of  the  tendency  of  our  system  to  its 
final  dissolution  ;  and  he  wondered  why  the  earth  did  not  proceed  more 
rapidly  towards  a  general  submersion  beneath  the  sea,  when  so  much 
matter  was  carried  down  by  rivers,  or  undermined  in  the  sea-clifih.  We 
perceive  clearly  from  his  writings,  that  the  gradual  decline  of  our  ajTStem* 
and  its  future  consummation  by  fire,  was  held  to  be  as  necessary  an  article 
of  faith  by  the  orthodox,  as  was  the  recent  origin  of  our  planet.  His 
discourses,  like  those  of  Hooke,  are  highly  interesting,  as  attesting  the 
familiar  association  in  the  minds  of  philosophers,  in  the  age  of  Newton» 
ot  questions  in  physics  and  divinity.  Ray  gave  an  unequivocal  proof  of 
the  sincerity  of  his  mind,  by  sacrificing  his  preferment  in  the  churehf 
rather  than  take  an  oath  against  the  Covenanters,  which  he  could  not 
reconcile  with  his  conscience.  His  reputation,  moreover,  in  the  scientific 
world  placed  him  high  above  the  temptation  of  courting  popularity,  by 
pandering  to  the  physico-theological  taste  of  his  age.  It  is^  therefore* 
curious  to  meet  with  so  many  citations  from  the  Christian  fatheni  and 
prophets  in  his  essays  on  physical  science— -to  find  him  in  one  page  pro- 
ceeding, by  the  strict  rules  of  induction,  to  explain  the  former  changes  of 
the  globe,  and  in  the  next  gravely  entertaining  the  question,  whether  the 
sun  and  stars,  and  the  whole  heavens,  shall  be  annihilated,  together  with 
the  earth,  at  the  era  of  the  grand  conflagration. 

Woodward,  1695. — Among  the  contemporaries  of  Hooke  and  Ray, 
Wood>»ard,  a  professor  of  medicine,  had  acquired  the  most  extensive 
information  respecting  the  geological  structure  of  the  crust  of  the  earth. 
He  had  examined  many  parts  of  the  British  strata  with  minute  attention ; 
and  his  systematic  collection  of  specimens,  bequeathed  to  the  University 
of  Cambridge,  and  still  preserved  there  as  arranged  by  him,  shows  how 
far  he  had  advanced  in  ascertaining  the  order  of  superposition.  From  the 
great  number  of  facts  collected  by  him,  we  might  have  expected  his  theo* 
retical  views  to  be  more  sound  and  enlarged  than  those  of  his  contem- 
poraries ;  but  in  his  anxiety  to  accommodate  all  observed  phenomena  to 
the  scriptural  account  of  the  Creation  and  Deluge,  he  arrived  at  most 
erroneous  results.  He  conceived  '*  the  whole  terrestrial  globe  to  have 
been  taken  to  pieces  and  dissolved  at  the  flood,  and  the  strata  to  have 
settled  down  from  this  promiscuous  mass  as  any  earthy  sediment  from  a 
fluid."*  In  corroboration  of  these  views,  he  insisted  upon  the  fact,  that 
'*  marine  bodies  are  lodged  in  the  strata  according  to  the  order  of  their 

*  Esiay  towards  a  Natural  Hirtory  of  the  Earth,  1695.    Prefiice. 
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ifFity*  the  hearier  sheila  in  stone,  the  lighter  in  chalk,  and  so  of  the 
»!."*  Ray  immediately  exposed  the  unfounded  nature  of  this  assertion, 
^marking  truly,  that  fossil  bodies  **  are  often  mingled,  heavy  with  light, 
I  the  same  stratum ;"  and  he  even  went  so  far  as  to  say,  that  Woodward 
must  have  invented  the  phenomena  for  the  sake  of  con6rmiog  his  bold 
id  strange  hypotliesi8"t*— a  strong  expression  from  the  pea  of  a  con* 
mporary. 

JSyrmeis  1690.— At  the  same  time  Burnet  published  his  **  Theory  of  the 
arth/'^  The  title  is  most  characteristic  of  the  age, — *«The  Sacred 
heory  of  the  Earth ;  containing  an  Account  of  the  Original  of  the 
arth,  and  of  all  the  general  Changes  which  it  hath  already  undergone, 
'  is  to  undergo,  till  the  Consainmation  of  all  Things."  Even  Milton 
id  scarcely  ventured  in  his  poem  to  indulge  his  imagination  so  freely  in 
lilting  scenes  of  the  Creation  and  Deluge,  Paradise  and  Chaos.  lie 
rplained  why  the  primeval  earth  enjoyed  a  perpetual  spring  before  the 
lod !  showed  how  the  crust  of  the  globe  was  fissured  by  **  the  sun's 
ys,**  so  that  it  burst,  and  thus  the  diluvial  waters  were  let  loose  from  a 
rpposed  central  abyss.  Not  satisfied  with  these  themes,  he  derived  from 
e  books  of  the  inspired  writers,  and  even  from  heatlien  authorities, 
tabetic  views  of  the  future  revolutions  of  the  globe,  gave  a  most  terrific 
sseription  of  the  general  conflagration,  and  proved  that  a  new  heaven 
id  a  new  eartli  will  rise  out  of  a  second  chaos — after  which  will  follow 
«  blessed  millennium. 

The  reader  should  be  informed,  that,  according  to  the  opinion  of  many 
speetable  writers  of  that  age,  there  was  good  scriptural  ground  for  pre- 
ining  that  the  garden  bestowed  upon  our  first  parents  was  not  on  the 
irth  itself,  but  above  the  clouds,  in  the  middle  region  between  our  planet 
id  the  moon.  Burnet  approaches  with  becoming'^  gravity  the  discussion 
'so  important  a  topic.  He  was  willing  to  concede  that  the  geographical 
isition  of  Paradise  was  not  in  Mesopotamia,  yet  he  maintained  that  it 
as  upon  the  earth,  and  in  the  southern  hemisphere,  near  the  equinoctial 
Be.  Butler  selected  this  conceit  as  a  fair  mark  for  his  satire,  when, 
Boogst  the  numerous  accomplishments  of  Hudibras,  he  says,^ — 

He  knew  the  aeat  of  Paradise, 
Could  tell  in  what  degree  it  lies ; 
And,  ai  he  was  dispoaedy  could  prove  it 
Below  the  moon,  or  else  above  it. 

et  the  same  monarch,  who  is  said  never  to  have  slept  without  Butler's 
)em  under  his  pillow,  was  so  great  an  admirer  and  patron  of  Burnet's 

*  £«ay  towards  a  Natural  History  of  the  Earth,  1695.    Preface. 

f  Consequences  of  the  Deluge,  p.  165. 

t  Tirst  published  in  Latin,  between  the  years  1680  and  1690. 

Vol.  I.— G 
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book,  thftt  he  ordered  it  to  be  translated  from  the  Latin  into  English. 
The  style  of  tlie  '*  Sacred  Theory  "  was  eloquent,  and  the  book  displayed 
powers  of  invention  of  no  ordinary  stamp.  It  was,  in  fact,  a  fine  his- 
torical romance,  as  Bufibn  afterwards  declared  :  but  it  was  treated  as  a 
work  of  profound  science  in  the  time  of  its  author,  and  was  panegyrized 
by  Addison  in  a  Latin  ode,  while  Steele  praised  it  in  the  '*  Spectator." 
Towards  the  end  of  the  last  century,  Warton,  in  his  '*  Essay  on  Pope," 
discovered  that  Burnet  united  the  faculty  of  judgment  with  powers  of 
imagination. 

fVhutony  1696. — Another  production  of  the  same  school,  and  equally 
characteristic  of  the  time,  was  that  of  Whiston,  entitled,  **A  New 
Theory  of  the  Earth  ;  wherein  the  Creation  of  the  World  in  Six  Days« 
the  Uni venal  Deluge,  and  the  General  Conflagration,  as  laid  down  in  the 
Holy  Scriptures,  are  shown  to  be  perfectly  agreeable  to  Reason  and  Phi- 
losophy."    He  was  at  first  a  follower  of  Burnet;  but  his  faith  in  ths 
infallibility  of  that  writer  was  shaken  by  the  declared  opinion  of  Newton^ 
that  there  was  every   presumption  in  astronomy  against  any  former 
change  in  the  inclination  of  the  earth's  axis.     This  was  a  leading  dogma. 
in  Burnet's  system,  though  not  original,  for  it  was  borrowed  from  an 
Italian,  Alessandro  degU  Alessandri,  who  had  suggested  it  in  the  begin- 
ning of  the  fifteenth  century,  to  account  for  the  former  occupation  of  the 
present  continents  by  the  sea.     La  Place  has  since  strengthened  the  argu- 
ments of  Newton,  against  the  probability  of  any  former  revolution  of  this 
kind. 

The  remarkable  comet  of  1680  was  fresh  in  the  memory  of  every  one 
when  Whiston  firet  began  his  cosmological  studies,  and  the  principal 
novelty  of  his  speculations  consisted  in  attributing  the  deluge  to  the  near 
approach  to  the  earth  of  one  of  these  erratic  bodies.  Having  ascribed  an 
increase  of  the  watera  to  this  source,  he  adopted  Woodward's  theory, 
supposing  all  stratified  deposits  to  have  resulted  from  the  *'  chaotic  sedi- 
ment of  the  flood."  Whiston  was  one  of  the  first  who  ventured  to  pro- 
pose that  the  text  of  Genesis  should  be  interpreted  diflerently  from  its 
ordinary  acceptation,  so  that  the  doctrine  of  the  earth  having  existed 
long  previous  to  the  creation  of  man  might  no  longer  be  regarded  as 
unorthodox.  He  had  the  art  to  throw  an  air  of  plausibility  over  the  roost 
improbable  parts  of  his  theory,  and  seemed  to  be  proceeding  in  the  most 
sober  manner,  and  by  the  aid  of  mathematical  demonstration,  to  the 
establishment  of  his  various  propositions.  Locke  pronounced  a  panegyric 
on  his  theory,  commending  him  for  having  explained  so  many  wonderful 
and  before  inexplicable  things.  His  book,  as  well  as  Burnet's,  was 
attacked  and  refuted  by  Keill.*  Like  all  who  introduced  purely  hypo- 
thetical causes  to  account  for  natural  phenomena,  Whiston  retarded  the 

*  An  Extmination  of  Dr,  Burnet's  Theory,  &o.  dd.  ed.  1734. 
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progress  of  tnilh»  diverting  men  from  the  investigation  of  the  laws  of 
soblanary  nature,  and  inducing  them  to  waste  time  in  speculations  on  the 
power  of  comets  to  drag  the  waters  of  the  ocean  over  the  land — on  the 
condensation  of  the  vapours  of  their  tails  into  water,  and  other  matters 
equally  edifying. 

Hutchmsan^  1724. — John  Hutchinson,  who  had  been  employed  by 
Woodward  in  making  his  collection  of  fossils,  published  afterwards,  in 
1784,  the  first  part  of  his  *'  Moses's  Principia,"  wherein  he  ridiculed 
Woodward's  hypothesis.  He  and  his  numerous  followers  were  ac- 
customed to  declaim  loudly  against  human  learning;  and  they  maintained 
thai  the  Hebrew  scriptures,  when  rightly  translated,  comprised  a  perfect 
system  of  natural  philosophy ^ for  which  reason  they  objected  to  the  New- 
tMiian  theory  of  gravitation. 

CeMtcs.— -Andrea  Celsius,  the  Swedish  astronomer,  published  about 
this  time  his  remarks  on  the  gradual  diminution  and  sinking  of  the  waters 
in  the  Baltic,  to  which  I  shall  have  occasion  to  advert  more  particularly 
hefeafter  (ch.  17.  book  2.). 

Sekeuehzeff  1708.— -In  Germany,  in  the  mean  time,  Scheuchzer  la- 
bonred  to  prove,  in  a  work  entitled  **  The  Complaint  of  the  Fishes" 
(1708),  that  the  earth  had  been  remodelled  at  the  deluge.  Pluche,  also, 
in  1782,  wrote  to  the  same  effect;  while  Holbach,  in  1753,  after  con- 
lidering  the  various  attempts  to  refer  all  the  ancient  formations  to  the 
Noachian  flood,  exposed  the  inadequacy  of  this  cause. 

Italian  CrtohgUU — Fo/^isn^ri.— -I  return  with  pleasure  to  the  geolo- 
gisls  of  Italy,  who  preceded,  as  has  been  already  shown,  the  naturalists 
of  other  countries  in  their  investigations  into  the  ancient  history  of  the 
earth,  and  who  still  maintained  a  decided  pre-eminence.  They  refuted 
and  ridiculed  the  physico-theological  systems  of  Burnet,  Whiston,  and 
Woodward  ;*  while  Valli8neri,t  in  his  comments  on  the  Woodwardian 
theory,  remarked  how  much  the  interests  of  religion,  as  well  as  those  of 
lODnd  philosophy,  had  suffered  by  perpetually  mixing  up  the  sacred  wri- 
tings with  questions  in  physical  science.  The  works  of  this  author  were 
rich  in  original  observations.  He  attempted  the  first  general  sketch  of 
the  marine  deposits  of  Italy,  their  geographical  extent,  and  most  charac- 
teristic organic  remains.  In  his  treatise  **  On  the  origin  of  Springs,"  he 
explained  their  dependence  on  the  order,  and  often  on  the  dislocations,  of 
the  strata,  and  reasoned  philosophically  against  the  opinions  of  those  who 
regarded  the  disordered  state  of  the  earth's  crust  as  exhibiting  signs  of  the 
wrath  of  God  for  the  sins  of  man.     He  found  himself  under  the  necessity 

*  Ramaxuni  even  aiaertedy  that  the  ideas  of  Barnet  were  mainly  borrowed  from  a 
dialogue  of  one  Patrixio;  but  Brocchi,  after  reading  that  dialoj^ue,  assures  us,  that 
there  waa  aeareely  any  other  correspondence  between  these  systems,  except  that  both 
veie  equally  whimsical. 

f  Dei  Corpi  Biarini,  Lettere  eritiohe,  dte.  1721. 
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of  eontending,  in  hi«  preliminary  chapter,  against  St.  Jerome,  and  four 
other  principal  interpreters  of  Scripture,  besides. several  professors  of  di- 
Tinity,  *«  tliat  springs  did  not  flow  by  subterranean  siphons  and  cavities 
from  the  sea  upwards,  losing  their  saltness  in  the  passage,*'  for  this  theory 
had  been  made  to  rest  on  the  infallible  testimony  of  Holy  Writ. 

Although  reluctant  to  generalize  on  the  rich  materials  accumulated  in 
his  travels,  Vallisneri  had  been  so  much  struck  with  the  remarkable  con- 
tinuity of  the  more  recent  marine  strata,  from  one  end  of  Italy  to  the  other, 
that  lie  came  to  the  conclusion  that  the  ocean  formerly  extended  over  the 
whole  earth,  and  after  abiding  there  for  a  long  time,  had  gradually  sub- 
sided. This  opinion,  however  untenable,  was  a  great  step  beyond  Wood- 
ward's diluvian  hypothesis,  against  which  Vallisneri,  and  after  him  all  the 
Tuscan  geologists,  uniformly  contended,  while  it  was  warmly  supported 
by  the  members  of  the  Institute  of  Bologna.* 

Among  others  of  tliat  day,  Spada,  a  priest  of  Grezzana,  in  1737,  wrote 
to  prove  that  the  petrified  marine  bodies  near  Verona  were  not  diluvian.t 
Mattani  drew  a  similar  inference  from  the  shells  of  Volterra  and  other 
places:  while  Costantini,  on  the  other  hand,  whose  observations  on  the 
valley  of  the  Brenta  and  other  districts  were  not  without  value,  under- 
took to  vindicate  the  truth  of  the  deluge,  as  also  to  prove  that  Italy  had 
been  peopled  by  the  descendants  of  Japhet.| 

Moro,  1740. — Lazzaro  Moro,  in  his  work  (published  in  1740)  ''  On 
the  Marine  Bodies  which  are  found  in  the  Mountains,§"  attempted  to  ap- 
ply the  theory  of.  earthquakes,  as  expounded  by  Strabo,  Pliny,  and  other 
ancient  authors,  with  whom  he  was  familiar,  to  the  geological  phenomena 
described  by  Vallisneri. ||  His  attention  was  awakened  to  the  elevating 
power  of  subterranean  forces  by  a  remarkable  phenomenon  which  hap- 
pened in  his  own  time,  and  which  had  also  been  noticed  by  Vallisneri  in 
his  letters.  A  new  island  roso  in  1707  from  a  deep  part  of  the  sea  near 
Santorin  in  the  Mediterranean,  during  continued  shocks  of  an  earthquake, 
and,  increasing  rapidly  in  size,  grew  in  less  than  a  month  to  be  half  a 
mile  in  circumference,  and  about  twenty-five  feet  above  high- water  mark. 
It  was  soon  afterwards  covered  by  volcanic  ejections,  but,  when  first  ex- 
amined, it  was  found  to  be  a  white  rock,  bearing  on  its  surface  living 
oysters  and  Crustacea.  In  order  to  ridicule  tlie  various  theories  then  in 
vogue,  Moro  ingeniously  supposes  the  arrival  on  this  new  island  of  a 
party  of  naturalists  ignorant  of  its  recent  origin.     One  immediately  points 

«  firocehi,  p.  28.  t  Ibid.  p.  33.  t  Ibid.  p.  37. 

§  Sui  Crostacei  ed  altri  Corpi  Marini  che  si  trorano  sai  Monti. 

II  Moro  doet  not  cite  the  works  of  Hooke  and  Raj  ;  and  although  so  many  of  hii 
views  were  in  accordance  with  theirs,  he  was  probably  ignorant  of  their  writings, 
fi>r  thej  had  not  been  translated.  As  he  always  refers  to  the  Latin  edition  of  Bur- 
net, and  a  French  translation  of  Woodward,  we  may  presume  that  he  did  not  read 
English. 
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to  the  marine  shells,  as  proofs  of  the  universal  delnge ;  another  argues 
that  they  demonstrate  the  former  residence  of  the  sea  upon  the  mountains ; 
s. third  dismisses  them  as  mere  wports  of  nature;  while  a  fourth  affirms, 
that  they  were  born  and  nourished  within  tlie  rock  in  ancient  caverns, 
into  which  salt  water  had  been  raised  in  the  shape  of  vapour  by  tlie  action 
<»f  subterranean  heat. 

Moro  pointed  with  great  judgment  to  the  faults  and  dislocations  of  the 
strata  described  by  Vailisneri,  in  the  Alps  and  other  chains,  in  confirma- 
tion of  his  doctrine,  that  the  continents  had  been  heaved  up  by  subter- 
ranean movements.  He  objected,  on  solid  grounds,  to  the  hypotheses  of 
Burnet  and  of  Woodward ;  yet  he  ventured  so  far  to  disregard  the  protest 
of  Vailisneri,  as  to  undertake  the  adaptation  of  every  part  of  his  own  sys* 
tem  to  the  Mosaic  account  of  the  creation.  On  the  third  day,  he  said,  the 
globe  was  every  where  covered  to  the  same  depth  by  fresh  water;  and 
when  it  pleased  the  Supreme  Being  that  the  dry  land  should  appear,  vol- 
canic explosions  broke  up  the  smooth  and  regular  surface  of  the  earth 
composed  of  primary  rocks.  These  rose  in  mountain  masses  above  the 
waves,  and  allowed  melted  metals  and  salts  to  ascend  through  fissures. 
The  sea  gradually  acquired  its  saltness  from  volcanic  exhalations,  and, 
while  it  became  more  circumscribed  in  area,  increased  in  depth.  Sand 
and  ashes  ejected  by  volcanos  were  regularly  disposed  along  the  bottom 
of  the  ocean,  and  formed  the  secondary  strata,  which  in  their  turn  were 
lifted  up  by  earthquakes.  We  need  not  follow  this  author  in  tracing  the 
progress  of  the  creation  of  vegetables  and  animals  on  the  other  days  of 
creation  ;  but,  upon  the  whole,  it  may  be  remarked,  that  few  of  the  old 
eosmological  theories  had  been  conceived  with  so  little  violation  of  known 
analogies. 

GenertUVs  iUuatrations  of  Moro^  1740. — ^The  style  of  Moro  was  ex- 
tremely prolix,  and,  like  Hutton,  who,  at  a  later  period,  advanced  many 
of  the  same  views,  he  stood  in  need  of  an  illustrator.  The  Scotch  geolo- 
gist was  hardly  more  fortunate  in  the  advocacy  of  Playfair,  than  was  Moro 
in  numbering  amongst  his  admirers  Cirillo  Generelli,  who,  nine  years 
afterwards,  delivered  at  a  sitting  of  Academicians  at  Cremona  a  spirited 
exposition  of  his  theory.  This  learned  Carmelitan  friar  does  not  pretend 
to  have  been  an  original  observer,  but  he  had  studied  sufficiently  to  ena- 
ble him  to  confirm  the  opinions  of  Moro  by  arguments  from  other  writers ; 
and  his  selection  of  the  doctrines  then  best  established  is  so  judicious,  that 
a  brief  abstract  of  them  cannot  fail  to  be  acceptable,  as  illustrating  the  state 
of  geology  in  Europe,  and  in  Italy  in  particular,  before  the  middle  of  the 
last  century. 

The  bowels  of  the  earth,  says  he,  have  carefully  preserved  the  memo- 
rials of  past  events,  and  this  truth  the  marine  productions  so  frequent  in 
the  hills  attest.  From  the  reflections  of  Lazzaro  Moro,  we  may  assure 
ourselves  that  these  are  the  effects  of  earthquakes  in  past  times,  which 
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have  changed  vast  spaces  of  sea  into  terra  firma,  and  inhabited  lands  into 
seas.    In  this,  more  than  in  any  other  department  of  physics,  are  observa- 
tions and  experiments  indispensable,  and  we  mast  diligently  consider 
facts.    The  land  is  known,  wherever  we  make  excavations,  to  be  com- 
posed  of  different  strata  or  soils  placed  one  above  the  other,  some  of  sand, 
some  of  rock,  some  of  chalk,  others  of  marl,  coal,  pumice,  gypsum,  lime, 
and  the  rest.    These  ingredients  are  sometimes  pure,  and  sometimes  con- 
fusedly intermixed.     Within  are  often  imprisoned  different  marine  fishes, 
like  dried  mummies,  and  more  frequently  shells,  Crustacea,  corals,  plants, 
^.,  not  only  in  Italy,  but  in  France,  Germany,  England,  Africa,  Asia, 
and  America ; — sometimes  in  the  lowest,  sometimes  in  tlie  loftiest  beds 
of  the  earth,  some  upon  the  mountains,  some  in  deep  mines,  others  near 
the  sea,  and  others  hundreds  of  miles  distant  from  it.     Woodward  con- 
jectured that  these  marine  bodies  might  be  found  every  where ;  but  there 
are  rocks  in  which  none  of  them  occur,  as  is  sufficiently  attested  by  Val- 
lisneri  and  Marsilli.  The  remains  of  fossil  animals  consist  chiefly  of  their 
more  solid  parts,  and  the  most  rocky  strata  must  have  been  soft  when 
such  exuvioe  were  inclosed  in  them.     Vegetable  productions  are  found  in 
different  states  of  maturity,  indicating  that  they  were  imbedded  in  differ- 
ent seasons.     Elephants,  elks,  and  other  terrestrial  quadrupeds,  have  been 
found  in  England  and  elsewhere,  in  superficial  strata,  never  covered  by 
the  sea.     Alternations  are  rare,  yet  not  without  example,  of  marine  strata, 
and  those  which  contain  marshy  and  terrestrial  productions^    Marine 
animals  are  arranged  in  the  subterraneous  beds  with  admirable  order,  in 
distinct  groups,  oysters  here,  dentalia  or  corals  there,  &c.,  as  now,  ac- 
cording to  Marsilli*,  on  the  shores  of  the  Adriatic.     We  must  abandon 
the  doctrine,  once  so  popular,  which  denies  that  organized  fossils  were 
derived  from  living  beings,  and  we  cannot  account  for  their  present  posi- 
tion by  the  ancient  theory  of  Strabo,  nor  by  that  of  Leibnitz,  nor  by  the 
universal  deluge,  as  explained  by  Woodward  and  others :  **  nor  is  it  rea- 
sonable to  call  the  Deity  capriciously  upon  the  stage,  and  to  make  him 
work  miracles  for  the  sake  of  confirming  our  preconceived  hypotheses." 
— **  I  hold  in  utter  abomination,  most  learned  Academicians  I  those  sys- 
tems which  are  built  with  their  foundations  in  the  air,  and  cannot  be 
propped  up  without  a  miracle ;  and  I  undertake,  with  the  assistance  of 
Moro,  to  explain  to  you  how  these  marine  animals  were  transported  into 
the  mountains  by  natural  causes."t 

A  brief  abstract  then  follows  of  Moro*s  theory,  by  which,  says  Gene- 
relii,  we  may  explain  all  the  phenomena,  as  Vallisneri  so  ardently. desired, 
**  without  violence^  without  JUtiom^  unthout  hypotheses^  without  mira* 

*  Saggio  fisico  intorao  alia  Storia  del  Mare,  part  i.  p.  24. 

t  **  Abbomlno  al  sommo  qnalnToglia  aiatema,  che  tia  dl  pianta  fabbrieato  in  aria ; 
maMimo  qaando  h  tale,  che  non  powa  aoatonersi  lensa  on  miracolo,**  dtc^Do* 
Crostaoei  e  di  altre  Prodas.  del  Mare,  ^kc.  1749. 
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des.*  The  Carmelitan  then  proceeds  to  straggle  against  an  obvioas 
objection  to  Moro's  system,  considered  as  a  method  of  explaining  the 
revolutions  of  the  earth,  naiuraUy.  If  earthquakes  have  been  the  agents 
of  such  mighty  changes,  how  does  it  happen  that  their  effects  since  the 
tiroes  of  history  have  been  so  inconsiderable  T  This  same  difficulty  had» 
as  we  have  seen,  presented  itself  to  Hooke,  half  a  century  before,  and 
forced  him  to  resort  to  a  former  *'  crisis  of  nature  :*'  but  Generelli  defended 
his  position  by  showing  how  numerous  were  the  accounts  of  eraptions 
and  earthquakes,  of  new  islands,  and  of  elevations  and  subsidences  of 
land,  and  yet  how  much  greater  a  number  of  like  events  must  have  been 
unattested  and  unrecorded  during  the  last  six  thousand  years.  He  also 
appealed  to  Vallisneri  as  an  authority  to  prove  that  the  mineral  masses 
containing  shells  bore,  upon  the  whole,  but  a  small  proportion  to  those 
rocks  which  were  destitute  of  organic  remains ;  and  the  latter,  says  the 
learned  monk,  might  have  been  created  as  they  now  exist,  in  the  beginr 
ning. 

Generelli  then  describes  the  continual  waste  of  mountains  and  conti* 
nents,  by  the  action  of  rivers  and  torrents,  and  concludes  with  these 
eloquent  and  original  observations  : — *^  Is  it  possible  that  this  waste  should 
have  continued  for  six  thousand,  and  perhaps  a  greater  number  of  years, 
and  that  the  mountains  should  remain  so  great,  unless  their  rains  havei 
been  repaired  ?  Is  it  credible  that  the  Author  of  nature  should  have 
founded  the  world  upon  such  laws,  as  that  the  dry  land  should  for  ever 
be  growing  smaller,  and  at  last  become  wholly  submerged  beneath  the 
waters  ?  Is  it  credible  that,  amid  so  many  created  things,  the  mountains 
alone  should  daily  diminish  in  number  and  bulk,  without  there  being  any 
repair  of  their  losses  ?  This  would  be  contrary  to  that  order  of  Providence 
which  is  seen  to  reign  in  all  other  things  in  the  universe.  Wherefore  I 
deem  it  just  to  conclude,  that  the  same  cause  which,  in  the  beginning  of 
time,  raised  mountains  from  the  abyss,  has  down  to  the  present  day  con* 
tinued  to  produce  others,  in  order  to  restore  from  time  to  time  the  losses 
of  all  such  as  sink  down  in  different  places,  or  are  rent  asunder,  or  in 
other  way  suffer  disintegration.  If  this  be  admitted,  we  can  easily  un* 
derstand  why  there  should  now  be  found  upon  many  mountains  so  great 
a  number  of  crastacea  and  other  marine  animals." 

In  the  above  extract  I  have  not  merely  enumerated  the  opinions  and 
facts  which  are  confirmed  by  recent  observation,  suppressing  all  that  has 
since  proved  to  be  erroneous,  but  have  given  a  faitliful  abridgment  of  the 
entire  treatise,  with  the  omission  only  of  Moro's  hypothesis,  which 
Generelli  adopted,  with  all  its  faults  and  excellencies.  The  reader  will 
therefore  remark,  that  although  this  admirable  essay  embraces  so  large  a 

*  "  Senza  violenze,  aenza  fiDzioni,  wnza  nippostii  lenzamirMoli."    De*  Croitacei 
e  di  litre  Produz.  del  Mare,  dte.  1749. 
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portion  of  the  principal  objects  of  geological  research,  it  makes  no  allusion 
to  the  extinction  of  certain  classes  of  animals ;  and  it  is  evident  that  no 
opinions  on  this  head  had,  at  that  time,  gained  a  firm  footing  in  Italy. 
That  Lister  and  other  English  naturalists  should  long  before  have  declared 
in  favour  of  the  loss  of  species,  while  Scilla  and  most  of  his  country oien 
hesitated,  was  perhaps  natural,  since  the  Italian  museums  were  filled  with 
fossil  shells  belonging  to  species  of  which  a  great  portion  did  actually 
•xist  in  the  Mediterranean  ;  whereas  the  English  collectors  could  obtain 
no  recent  species  from  such  of  their  own  strata  as  were  then  explored. 

The  weakest  point  in  Moro's  system  consisted  in  deriving  all  the 
stratified  rocks  from  volcanic  ejections ;  an  absurdity  which  his  opponents 
took  care  to  expose,  especially  Vito  Amici.*  Moro  seems  to  have  been 
misled  by  his  anxious  desire  to  represent  the  formation  of  secondary 
rocks  as  having  occupied  an  extremely  short  period,  while  at  the  same 
time  he  wished  to  employ  known  agents  in  nature.  To  imagine  torrents, 
rivers,  currents,  partial  fioods,  and  all  the  operations  of  moving  water,  to 
have  gone  on  exerting  an  energy  many  thousand  times  greater  than  at 
present,  would  have  appeared  preposterous  and  incredible,  and  would 
have  required  a  hundred  violent  hypotheses ;  but  we  are  so  unacquainted 
with  the  true  sources  of  subterranean  disturbances,  that  their  former  vio- 
lence may  in  theory  be  multiplied  indefinitely,  without  its  being  possible 
to  prove  the  same  manifest  contradiction  or  absurdity  in  the  conjecture* 
For  this  reason,  perhaps,  Moro  preferred  to  derive  the  materials  of  the 
strata  from  volcanic  ejections,  ratlier  than  from  transportation  by  running 
water. 

Martilli. — Marsilli,  whose  work  is  alluded  to  by  Generelli,  had  been 
prompted  to  institute  inquiries  into  the  bed  of  the  Adriatic,  by  discovering^ 
in  the  territory  of  Parma  (what  Spada  had  observed  near  Verona,  and 
Schiavo  in  Sicily),  that  fossil  shells  were  not  scattered  through  the  rocks 
at  random,  but  disposed  in  regular  order,  according  to  certain  genera  and 
species. 

VitaKano  Donatio  1750. — But  with  a  view  of  throwing  further  light 
upon  tliese  questions,  Donati,  in  1750,  undertook  a  more  extensive  in- 
vestigation of  tlie  Adriatic,  and  discovered,  by  numerous  soundings,  that 
deposits  of  sand,  marl,  and  tufaceous  incrustations,  most  strictly  analogous 
to  those  of  the  Subapennine  hills,  were  in  the  act  of  accumulating  there. 
He  ascertained  that  there  were  no  shells  in  some  of  the  submarine  tracts, 
while  in  other  places  they  lived  together  in  families,  particularly  the 
genera  Area,  Pecten,  Venus,  Murex,  and  some  others.  He  also  states 
that  in  divers  localities  he  found  a  mass  composed  of  corals,  shells,  and 
erustaceous  bodies  of  different  species,  confusedly  blended  with  earth, 
sand,  and  gravel.     At  the  depth  of  a  foot  or  more,  the  organic  substanooi 

*  Sol  Testacei  della  Sicilia. 
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were  entirely  petrified  and  reduced  to  marble ;  at  lees  than  a  foot  from  the 
surface,  they  approached  nearer  to  their  natural  state;  while  at  the  surface 
they  were  alive,  or  if  dead,  in  a  good  state  of  preservation. 

Baldasaari.'^A  contemporary  naturalist,  Baldassari,  had  shown  that 
the  organic  remains  in  tlie  tertiary  marls  of  tlie  Siennese  territory  were 
grouped  in  families,  in  a  manner  precisely  similar  to  that  above  alluded 
to  by  Donati. 

Buffen^  1749.— -Buffon  first  made  known  his  theoretical  view#  con* 
ceming  the  former  changes  of  the  earth,  in  his  Natural  History,  published 
in  1749.  He  adopted  the  theory  of  an  original  volcanic  nucleus,  together 
with  the  universal  ocean  of  Leibnitz.  By  this  aqueous  envelope  tha- 
highest  mountains  wer&once  covered.  Marine  currents  then  acted  vio- 
lently, and  formed  horizontal  strata,  by  washing  away  solid  matter  in 
some  parts,  and  depositing  it  in  others ;  they  also  excavated  deep  sub- 
marine valleys.  The  level  of  the  ocean  was  then  depressed  by  the  entrance 
of  a  part  of  its  waters  into  subterranean  caverns,  and  thus  some  land  was 
left  dry.  Buffon  seems  not  to  have  profited,  like  Leibnitz  and  Moro,  by 
the  observations  of  Steno,  or  he  could  not  have  imagined  that  the  strata 
were  generally  horizontal,  and  that  those  which  contain  organic  remains 
had  never  been  disturbed  since  the  era  of  their  formation.  He  was  con- 
scious of  the  great  power  annually  exerted  by  rivers  and  marine  currents 
in  transporting  earthy  materials  to  lower  levels,  and  he  even  contempla- 
ted the  period  when  they  would  destroy  all  the  present  continents. 
Although  in  geology  he  was  not  an  original  observer,  hisf  genius  enabled 
him  to  render  his  hypothesis  attractive  ;  and  by  the  eloquence  of  his  style, 
and  the  boldness  of  his  speculations,  he  awakened  curiosity,  and  provoked 
a  spirit  of  inquiry  amongst  his  countrymen. 

8oon  after  the  publication  of  his  '*  Natural  History,"  in  which  waa 
included  his  <*  Theory  of  the  Earth,"  he  received  an  official  letter  (dated 
January,  1751)  from  the  Sorbonne,  or  Faculty  of  Theology  in  Paris, 
informing  him  that  fourteen  propositions  in  his  works  **  were  reprehen- 
sible, and  contrary  to  the  creed  of  the  church."  The  first  of  these 
obnoxious  passages,  and  the  only  one  relating  to  geology,  was  as 
follows : — '*  The  waters  of  the  sea  have  produced  the  mountains  and 
valleys  of  the  land — the  waters  of  the  heavens,  reducing  all  to  a  level, 
will  at  last  deliver  the  whole  land  over  to  the  sea,  and  the  sea,  success- 
ively prevailing  over  the  land,  will  leave  dry  new  continents  like  those 
which  we  inhabit.  Buffon  was  invited  by  the  College,  in  very  courteous 
terms,  to  send  in  an  explanation,  or  rather  a  recantation,  of  his  unorthodox 
opinions.  To  this  he  submitted ;  and  a  general  assembly  of  the  Faculty 
liaving  approved  of  his  *'  Declaration,"  ho  was  required  to  publish  it  in 
lis  next  work.  The  document  begins  with  these  words: — *'I  declare 
;hat  I  had  no  intention  to  contradict  the  text  of  Scripture ;  that  I  believe 
most  firmly  all  therein  related  about  the  creation,  both  as  to  order  of  time 
Vol.  L— H 
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and  matter  of  fact ;  and  /  abandon  every  thing  in  my  book  respecting  the 
formation  of  the  earthy  and,  generally,  all  which  may  be  contrary  to  the 
narration  of  Moses.*'* 

The  grand  principle  which  BufTon  was  called  upon  to  renounce  was 
simply  this, — **  that  the  present  mountains  and  valleys  of  the  earth  are 
due  to  secondary  causes,  and  that  the  same  causes  will  in  time  destroy  all 
the  continents,  hills,  and  valleys,  and  reproduce  others  like  them."  Now, 
whatever  may  be  the  defects  of  many  of  his  views,  it  is  no  longer  con- 
troverted that  the  present  continents  are  of  secondary  origin.  The  doc- 
trine is  as  firmly  established  as  the  earth's  rotation  on  its  axis;  and  that 
the  land  now  elevated  above  the  level  of  the  sea  will  not  endure  for  ever, 
is  an  opinion  which  gains  ground  daily,  in  proportion  as  we  enlarge  oar 
experience  of  the  changes  now  in  progress. 

Targionij  1751. — ^Targioni,  in  his  voluminous  "Travels  in  Tuscany, 
1751  and  J  754,"  laboured  to  fill  up  the  sketch  of  the  geology  of  that 
region  left  by  Steno  sixty  years  before.  Notwithstanding  a  want  of 
arrangement  and  condensation  in  his  memoirs,  they  contained  a  rich  store 
of  faithful  observations.  He  has  not  indulged  in  many  general  views, 
but  in  regard  to  the  origin  of  valleys,  he  was  opposed  to  the  theory  of 
Bufibn,  who  attributed  them  principally  to  submarine  currents.  The 
Tuscan  naturalist  laboured  to  show  that  both  the  larger  and  smaller 
valleys  of  the  Appcnnines  were  excavated  by  rivers  and  fioods,  caused 
by  the  bursting  of  the  barriers  of  lakes,'  after  the  retreat  of  the  ocean. 
He  also  maintained  that  the  elephants  and  other  quadrupeds,  so  frequent 
in  the  lacustrine  and  alluvial  deposits  of  Italy,  had  inhabited  that  penm* 
sula ;  and  had  not  been  transported  thither,  as  some  had  conceived,  by 
Hannibal  or  the  Romans,  nor  by  what  they  were  pleased  to  term  "  a 
catastrophe  of  nature." 

Leiiman,  1756. — In  the  year  1756  the  treatise  of  Lehman,  a  German 
mineralogist,  and  director  of  the  Prussian  mines,  appeared,  who  also 
divided  mountains  into  three  classes :  the  first,  those  formed  with  the 
world,  and  prior  to  the  creation  of  animals,  and  which  contained  no 
fragments  of  other  rocks ;  the  second  class,  those  which  resulted  from 
the  partial  destruction  of  the  primary  rocks  by  a  general  revolution ;  and  a 
third  class,  resulting  from  local  revolutions,  and  in  part  from  the  Noachian 
deluge.t 

A  French  translation  of  this  work  appeared  in  1759,  in  the  preface  of 
which  the  translator  displays  very  enlightened  views  respecting  the 
operations  of  earthquakes,  as  well  as  of  the  aqueous  causes. 

OesneTf  1758. — In  this  year  Gesner,  the  botanist,  of  Zurich,  published 
an  excellent  treatise  on  petrifactions,  and  the  changes  of  tlie  earth  which 

*  Hist.  Nat.  torn.  y.  ^d.  de  Tlmp.  Royale,  Paiii,  1769. 
t  Essti  d'uM  Hist.  Nat.  des  Coaches  de  la  Terre,  1759. 
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they  testify.*  AAer  a  detailed  enameration  of  the  various  claaaes  of 
fossiia  of  the  animal  and  vegetable  kingdoms,  and  remarks  on  the  different 
states  in  which  they  are  found  petrified,  he  considers  the  geological 
phenomena  connected  with  them;  observing,  that  some,  like  those  of 
(Eningen,  resembled  the  testacea,  fish,  and  plants  indigenous  in  the 
neighbouring  region  ;t  while  some,  such  as  ammonites,  gryphites, 
belemnites,  and  other  shells,  are  either  of  unknown  species,  or  found 
only  in  the  Indian  and  other  distant  sea;.  In  order  to  elucidate  the 
structure  of  the  earth,  he  gives  sections,  from  Verenius,  Buffon,  and 
others,  obtained  in  digging  wells ;  distinguishes  between  horizontal  and 
inclined  strata ;  and,  in  speculating  on  the  causes  of  these  appearances, 
mentions  Donati*s  examination  of  the  bed  of  the  Adriatic ;  the  filling  up 
of  lakes  and  seas  by  sediment ;  the  imbedding  of  shells,  now  in  progress ; 
and  many  known  effects  of  earthquakes,  such  as  the  sinking  down  of 
districts,  or  the  heaving  up  of  the  bed  of  the  sea,  so  as  to  form  new 
islands  and  lay  dry  strata  containing  petrifactions.  The  ocean,  he  says, 
deserts  its  shores  in  many  countries,  as  on  the  borders  of  the  Baltic ;  but 
the  rate  of  recession  has  been  so  slow  in  the  last  2000  years,  that  to 
allow  the  Appennines,  whose  summits  are  filled  with  marine  shells,  to 
emerge  to  their  present  height,  would  have  required  about  60,000 
years,— a  lapse  of  time  ten  times  greater,  or  more,  than  the  age  of  the 
ani verse.  We  must  therefore  refer  the  phenomenon  to  the  command  of 
the  Deity,  related  by  Moses,  that  **  the  waters  should  be  gathered  together 
in  one  place,  and  the  dry  land  appear."  Gesner  adopted  the  views  of 
Leibnitz,  to  account  for  the  retreat  of  the  primeval  ocean :  his  essay 
displays  much  erudition ;  and  the  opinions  of  preceding  writers  of  Italy, 
Germany,  and  England  are  commented  upon  with  firmness  and  discrimi- 
nation. 

Arduino^  1759. — In  the  year  following,  Arduino^  in  his  memoirs  on 
the  mountains  of  Padua,  Vicenza,  and  Verona,  deduced,  from  original 
observations,  the  distinction  of  rocks  into  primary,  secondary,  and  ter- 
tiary, and  showed  that  in  those  districts  there  had  been  a  succession  of 
submarine  volcanic  eruptions. 

Mchell,  I7G0.— In  the  following  year  (1760)  the  Rev.  John  Michell, 
Woodwardian  Professor  of  Mineralogy  at  Cambridge,  published,  in  the 
Philosophical  Transactions,  an  Essay  on  the  Cause  and  Phenomena  of 
Earthquakes.§    His  attention  had  been  drawn  to  this  subject  by  the  great 

*  John  Getner  publiahed  at  Lejden,  in  Latin. 

t  Part  ii.  chap.  9.  t  Giornale  del  Griaelini,  1759. 

§  See  a  Sketch  of  the  History  of  Englith  Geology,  by  Dr.  I^tton,  in  Edinb.  Rev. 
Feb.  1818,  re-edited  Lond.  and  Edinb.  Phil.  Mag.  vol.  i.  and  u.  1832-33.  Some  of 
Micheiri  Observation!  anticipate  in  lo  remarkable  a  manner  the  theories  eitabllriied 
forty  yean  ailerwardi,  that  hit  writings  w<iald  probably  have  formed  an  era  in  the 
science,  if  his  researches  had  been  onintermpted.    He  held,  however,  his  pio&isor- 
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•ar^nske  iff  Lisbon  iu  1766.  He  advanced  many  original  and  phikwo- 
phical  views  respecting  Uie  propagation  of  subterranean  movements,  and 
the  caverns  and  fissures  wherein  steam  might  be  generated.  In  order  to 
point  out  the  application  of  his  theory  to  the  structure  of  the  globe,  he 
was  led  to  describe  the  arrangement  and  distuihance  of  the  strata,  their 
usual  horizontality  in  low  countries,  and  their  contortions  and  fractimd 
state  in  the  neighbourhood  of  mountain  chains.  He  also  explained,  with 
surprising  accuracy,  the  relations  of  the  central  ridges  of  older  rocks  to 
the  **  long  narrow  slips  of  similar  earths,  stones,  and  minerals,"  which  are 
parallel  to  these  ridges.  In  his  generalizations,  derived  in  great  part  fron 
his  own  observations  on  the  geological  structure  of  Yorkshire,  he  antici- 
pated many  of  the  views  more  fully  developed  by  later  naturalists. 

Caieottt  1761.— Michell's  papers  were  entirely  free  from  all  physlco- 
theological  disquisitions,  but  some  of  his  contemporaries  were  still  eai^ 
nestly  engaged  in  defending  or  impugning  the  Woodwardian  hypothesis. 
We  find  many  of  these  writings  referred  to  by  Catcott,  an  Hutchinsonian, 
who  published  a  '*  Treatise  on  the  Deluge"  in  1761.  He  laboured  partip- 
cularly  to  refute  an  explanation  ofiered  by  his  contemporary.  Bishop 
Clayton,  of  the  Mosaic  writings.  That  prelate  had  declared  that  the  d^- 
luge  **  could  not  be  literally  true,  save  in  respect  to  that  part  where  Noak 
lived  before  the  flood."  Catcott  insisted  on  the  universality  of  the  de* 
luge,  and  referred  to  traditions  of  inundations  mentioned  by  ancient  wri- 
ters, or  by  travellers,  in  the  East  Indies,  China,  South  America,  and  other 
•ountries.  This  part  of  his  book  is  valuable,  although  it  is  not  easy  to 
9ee  what  bearing  the  traditions  have,  if  admitted  to  be  authentic,  on  the 
bishop's  argument,  since  no  evidence  is  adduced  to  prove  that  the  catas- 
trophes were  contemporaneous  events,  while  some  of  them  are  expressly 
represented  by  ancient  authors  to  have  occurred  in  succession. 

Ibrtis-^Odoardiy  1761.—- The  doctrines  of  Arduino,  above  adverted  to, 
were  afterwards  confirmed  by  Fortis  and  Desmarest,  in  their  travels  in 
the  same  country  ;  and  they,  as  well  as  Baldassari,  laboured  to  complete 
the  history  of  the  Subapennine  strata.  In  the  work  of  Odoardi,*  there 
was  also  a  clear  argument  in  favour  of  the  distinct  ages  of  the  older  Apen- 
nine  strata,  and  the  Subapennine  formations  of  more  recent  origin.  He 
pointed  out  that  the  strata  of  these  two  groups  were  unconformable^  and 
must  have  been  the  deposits  of  different  seas  at  distant  periods  of  time. 

Baspe^  1763. — A  history  of  the  new  islands  by  Raspe,  an  Hanoverian, 
appeared  in  1763,  in  Latin.t    In  this  work,  all  the  authentic  accounts  of 

■hip  oaly  eight  yean,  when  he  Bocceeded  to  a  benefice ,  and  from  that  tixae  he  ap- 
pears to  have  entirely  diBContinned  hia  Bcientific  pursuits. 

*  Sui  Corpl  Marini  del  Feltrino,  1761. 

t  De  Novis  •  Man  Natu  Insulis.  Raspe  was  also  the  editor  of  the  **  Philosophioal 
Works  of  Leibnits.  Amat.  et  Leipzig,  1765  ;*'  alio  aathor  of  <«  T^Miie's  Gems/'  and 
**  fiacoa  MiuifitetMsn's  IteveU." 
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earthquakes  which  had  prodnoed  pennanent  changes  on  the  solid  parts  of 
the  earth  were  collected  together  and  examined  with  judicious  criticism. 
The  best  systems  which  had  beea  proposed  concerning  the  ancient  his- 
tory of  the  globe,  both  by  ancient  and  modem  writers,  are  reviewed ;  and 
the  merits  and  defects  of  the  doctrines  of  Hooke,  Ray,  Moro,  Bufibn,  and 
others,  fairiy  estimated.  Great  admiration  is  expressed  for  the  hypothesie 
of  Hooke,  and  his  explanation  of  the  origin  of  the  strata  is  shown  to  have 
been  more  correct  than  Moro*s,  while  their  theory  of  the  effects  of  earth- 
quakes was  the  same.  Raspe  had  not  seen  Michell's  memoir,  and  his 
▼iews  concerning  the  geological  structure  of  the  earth  were  perhaps  less 
enlarged ;  yet  he  was  able  to  add  many  additional  arguments  in  favour  of 
Hooka's  theory,  and  to  render  it,  as  he  said,  a  nearer  approach  to  what 
Hooke  would  have  written  had  he  lived  in  later  times.  As  to  the  periods 
wherein  all  the  earthquakes  happened,  to  which  we  owe  the  elevation  of 
Tarious  parts  of  our  continents  and  islands,  Raspe  says  he  pretends  not  to 
assign  their  duration,  still  less  to  defend  Hooke*s  suggestion,  that  the  oon- 
▼nlsions  almost  all  took  place  during  the  deluge  of  Noah.  He  adverts  to 
the  apparent  indications  of  the  former  tropical  heat  of  the  climate  of 
Europe,  and  the  changes  in  the  species  of  animals  and  plants,  as  among 
the  most  obscure  and  difficult  problems  in  geology.  In  regard  to  the  islands 
raised  from  the  sea,  within  the  times  of  history  or  tradition,  he  declares 
that  some  of  them  were  composed  of  strata  containing  organic  remains, 
end  that  they  were  not,  as  Buffon  had  asserted,  made  of  mere  volcanic 
natter.  His  work  concludes  with  an  eloquent  exhortation  to  naturalist* 
to  examine  the  isles  which  rose,  in  1707,  in  the  Grecian  Archipelago, 
and,  in  1720,  in  the  Azores,  and  not  to  neglect  such  splendid  opportuni- 
ties of  studying  nature  *«  in  the  act  of  parturition.'*  That  Hooke's  wr^ 
tings  should  have  been  neglected  for  more  than  half  a  century,  was  matter 
of  astonishment  to  Raspe ;  but  it  is  still  more  wonderful  that  his  own 
luminous  exposition  of  that  theory  should,  for  more  than  another  half 
century,  have  excited  so  little  interest. 

FuchneU  1762  and  1773. — Fuchsel,  a  German  physician,  published,  in 
1762,  a  geological  description  of  the  country  between  the  Thuringerwald 
and  the  Hartz,  and  a  memoir  on  the  environs  of  Rudelstadt;*  and  after- 
wards, in  1773,  a  theoretical  work  on  the  ancient  history  of  the  earth  and 
of  man.t  He  had  evidently  advanced  considerably  beyond  his  predeces- 
sor Lehman,  and  was  aware  of  the  distinctness,  both  as  to  position  and 
fossil  contents,  of  several  groups  of  strata  of  different  ages,  corresponding 
to  the  secondary  formations  now  recognised  by  geologists  in  various  parts 
of  Germany.     He  supposed  the  European  continents  to  have  remained 

*  Acta  Academis  £lectora]i8  MaguntinaB,  toI.  ii.    Erfurt, 
t  This  account  of  Fachwl  is  derived  from  an  exeellent  aDslytis  of  bis  memoirs  by 
M.  Keferstein.    Joum.  de  O^ologie,  torn.  iL  Ost  1880. 
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covered  by  the  sea  until  the  formation  of  the  marine  strata  called  in  Ge^ 
maaf  **  muschelkalk,"  at  the  same  time  that  the  terrestrial  plants  of  manj 
European  deposits  attested  the  existence  of  dry  land  which  bordered  the 
ancient  sea;  land  which,  therefore,  must  have  occupied  the  place  of  the 
present  ocean.  This  pre-existing  continent  had  been  gradually  swallowed 
up  by  the  sea,  different  parts  having  'subsided  in  succession  into  8abte^ 
ranean  caverns.  All  the  sedimentary  strata  were  originally  horizontal, 
and  their  present  state  of  derangement  must  be  referred  to  subsequent 
oscillations  of  the  ground. 

As  there  were  plants  and  animals  in  the  ancient  periods,  so  also  tfaeJe 
roust  have  been  men,  but  they  did  not  all  descend  from  one  pair,  but  were 
created  at  various  points  on  the  earth's  surface ;  and  the  number  of  these 
distinct  birth-places  was  as  great  as  are  the  original  languages  of  nations. 

In  the  writings  of  Fuchsel  we  see  a  strong  desire  manifested  to  explain 
geological  phenomena  as  far  as  possible  by  reference  to  the  agency  of 
known  causes ;  and  although  some  of  his  speculations  were  fanciful,  his 
views  coincide  much  more  nearly  with  those  now  generally  adopted,  than 
the  theories  afterwards  promulgated  by  Werner  and  his  followers. 

Brander^  17GG. — Gustavus  Brander  published,  in  1706,  his  «'  Fossilia 
Hantoniensla,"  containing  excellent  figures  of  fossil  shells  from  the  more 
modern  marine  strata  of  our  island.  «*  Various  opinions,'*  he  says  in  the 
preface,  **  had  been  entertained  concerning  the  time  when  and  how  these 
bodies  became  deposited.  Some  there  are  who  conceive  that  it  might 
have  been  effected  in  a  wonderful  length  of  time  by  a  gradual  changing 
and  shifting  of  the  sea,"  ^.  But  the  most  common  cause  assigned  is 
that  of  **  the  deluge."  This  conjecture,  he  says,  even  if  the  universality 
of  the  flood  be  not  called  in  question,  is  purely  hypothetical.  In  his  opin- 
ion, fossil  animals  and  testacea  were,  for  the  most  part,  of  unknown 
species ;  and  of  such  as  were  known,  the  living  analogues  now  belonged 
to  southern  latitudes. 

Soldanit  1780. — Soldani  applied  successfully  his  knowledge  of  zoology 
to  illustrate  the  history  of  stratified  masses.  He  explained  that  microsco- 
pic testacea  and  zoophytes  inhabited  the  depths  of  the  Mediterranean ; 
and  that  the  fossil  species  were,  in  like  manner,  found  in  those  deposits 
wherein  the  fineness  of  their  particles,  and  the  absence  of  pebbles,  im- 
plied that  they  were  accumulated  in  a  deep  sea,  or  far  from  shore.  This 
author  first  remarked  the  alternation  of  marine  and  fresh-water  strata  in 
the  Paris  basin.* 

Fortis — Ttsta^  1793. — A  lively  controversy  arose  between  Fortis  and 
another  Italian  naturalist,  Testa,  concerning  the  fish  of  Monte  Bolca,  in 
1793.     Their  letters,!  written  with  great  spirit  and  elegance,  show  tha 

*  Sftggio  orittografico,  Ac.  1780,  and  other  Works, 
t  Lett  sui  PoMsi  FooiU  di  Boka.    Bfilin,  1793. 
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they  were  aware  that  a  large  proportion  of  the  SubapenDine  shells  were 
identical  with  Tmng  species,  and  some  of  them  with  species  now  liTing 
in  the  torrid  zone.  Fortis  proposed  a  somewhat  fanciful  conjecture*  that 
when  the  volcanos  of  the  Vicentin  were  burning,  the  waters  of  the  Adri- 
atic had  a  higher  temperature ;  and  in  this  manner,  he  said,  the  shells  of 
warmer  regions  may  once  have  peopled  their  own  seas.  But  Testa  was 
disposed  to  think  that  these  species  of  testacea  were  still  common  to  their 
own  and  to  equinoctial  seas :  for  many,  he  said,  once  supposed  to  be  con- 
fined to  hotter  regions,  had  been  afterwards  discovered  in  the  Mediter- 
ranean.* 

Corttn — SpaUanzani — WaUerius — fF%tVeAtir«/.— -While  these  Italian 
naturalists,  together  with  Cortesi  and  SpaUanzani,  were  busily  engaged  in 
pointing  out  the  analogy  between  the  deposites  of  modem  and  ancient 
seas,  and  the  habits  and  arrangement  of  their  organic  inhabitants,  and 
while  some  progress  was  making,  in  the  same  country,  in  investigating 
the  ancient  and  modern  volcanic  rocks,  some  of  the  most  original  observ- 
ers among  the  English  and  German  writers,  Whitehurstt  and  Wallerius, 
were  wasting  their  strength  in  contending,  according  to  the  old  Wood- 
wardian  hypothesis,  that  all  the  strata  were  formed  by  the  Noachian  deluge. 
But  Whitehurst*s  description  of  the  rocks  of  Derbyshire  was  most  faith- 
ful ;  and  he  atoned  for  false  theoretical  views,  by  providing  data  for  their 
refutation. 

Pallas — Sausaure. — Towards  the  close  of  the  eighteenth  century,  the 
idea  of  distinguishing  the  mineral  masses  on  our  globe  into  separate  groups, 
and  studying  their  relations,  began  to  be  generally  diffused.  Pallas  and 
Saussure  were  among  the  most  celebrated  whose  labours  contributed  to 
this  end.  After  an  attentive  examination  of  the  two  great  mountain 
chains  of  Siberia,  Pallas  announced  the  result,  that  the  granite  rocks  were 
in  the  middle,  the  schistose  at  their  sides,  and  the  limestones  again  on  the 
outside  of  these ;  and  this  he  conceived  would  prove  a  general  law  in  the 
formation  of  all  chains  composed  chiefly  of  primary  rocks.f 

In  his  '*  Travels  in  Russia,**  in  1703  and  1794,  he  made  many  geolo- 
gical observations  on  the  recent  strata  near  the  Wolga  and  the  Caspian, 
and  adduced  proofs  of  the  greater  extent  of  the  latter  sea  at  no  distant  era 

*  This  argument  of  Testa  has  been  strengthened  of  late  years  by  the  discoTery, 
that  dealers  in  shells  had  long  been  in  the  habit  of  selling  Mediterranean  species  as 
•hells  of  more  southern  and  distant  latitudes,  for  the  sake  of  enhancing  their  price. 
It  appears,  moreover,  from  several  hundred  experiments  made  by  that  distinguished 
hydrographer,  Captain  Smyth,  on  the  water  within  eight  fathoms  of  the  surface,  that 
the  temperature  of  the  Mediterranean  is  on  an  average  3^®  of  Fahrenheit  higher  than 
the  western  part  of  the  Atlantic  ocean ;  an  important  fact,  which  in  some  degree  may 
help  to  explain  why  many  species  are  common  to  tropical  latitudes  and  to  the  Medi- 
terranean. 

t  Inquiry  into  the  Original  State  and  Formation  <^the  Earth.    1776. 

X  Observ.  on  the  Formation  of  Moontains.    Aot  Petrop.  ann.  1778,  part  i. 
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in  tbe  earth's  histoiy.  His  memoir  on  the  fossil  bones  of  Siberia  attract- 
ed attention  to  some  of  the  most  remarkable  phenomena  in  geology.  Hi 
stated  that  he  had  found  a  rhinoceros  entire  in  the  frozen  soil,  with  its 
skin  and  flesh :  an  elephant,  found  afiarwards  in  a  mass  of  ice  on  the 
shore  of  the  North  sea»  removed  all  doabt  as  to  tlie  accuracy  of  so  won* 
derful  a  discovery.* 

The  subjects  relating  to  natural  history  which  engaged  the  attention  of 
Pallas,  were  too  multifarious  to  admit  of  his  devoting  a  large  share  of  his 
laboura  exclusively  to  geology.  Saussure,  on  the  other  hand,  employed 
the  chief  portion  of  his  time  in  studying  the  structure  of  the  Alps  and  Jura, 
and  he  provided  valuable  data  for  those  who  followed  him.  He  did  not 
pretend  to  deduce  any  general  system  from  his  numerous  and  interesting 
observations  ;  and  the  few  theoretical  opinions  which  escaped  from  him» 
seem,  like  those  of  Pallas,  to  have  been  chiefly  derived  from  tlie  cosmolo- 
gical  speculations  of  preceding  writera. 


M  ur.  ..  «!•  Ill 


CHAPTER   IV. 

HISTORY  OF   THE   PROGRESS  OF   OEOLOOT — COTltinUed. 

Wemer*fl  Applieatioii  of  Geology  to  the  Art  of  Minings— EzcaraiTe  Character  of  his 
Leetorea — Enthusiasm  of  his  Papila^His  Authority — His  theoretical  Errors— 
Desmarest's  Map  and  Description  of  Auvergne  (p.  67.) — ControTersy  between  the 
Vulcanists  and  Neptunists — Intemperance  of  the  rival  Sects — Hutton's  Theory  of 
the  Earth— His  Discovery  of  Granite  Veins  (p.  70.)— Originality  of  his  Views- 
Why  opposed — Flayfair's  Illustrations — Influence  of  Voltaire*s  Writings  on  Ge- 
ology (p.  73.) — Imputations  cast  on  the  Huttonians  by  Williams,  Kirwan,  and  Do 
Luc — Smith's  Map  of  England  (p.  77.) — Geological  Society  of  London — Progress 
of  the  Science  in  France — Growing  Importance  of  the  Study  of  Organic  Remains. 

Werner. — The  art  of  mining  has  long  been  taught  in  France,  Germany, 
and  Hungary,  in  scientific  institutions  established  for  that  purpose,  where 
mineralogy  has  always  been  a  principal  branch  of  instruction.t 

*  Nov.  comm.  Fetr.  XVII.    Cuvier,  Eloge  de  Pallas. 

t  Our  miners  have  been  lefl  to  themselves,  almost  without  the  aasistanee  of 
soienti6o  works  in  the  English  language,  and  without  any  *'  school  of  mines/'  to 
blunder  their  own  way  into  a  certain  degree  of  practical  skill.  The  inconvenience 
of  this  want  of  system  in  a  country  where  so  much  capital  is  expended,  and  oflen 
wasted,  in  mining  adventures,  has  been  well  exposed  by  an  eminent  practical  miner. 
—See  «  Prospectus  of  a  School  of  Mines  in  Cornwall,  by  J.  Taylor,  1825." 
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Werner  was  named,  in  1T75^  profeMor  of  that  toienee  in  the  «^Scho<4 
of  Mines,"  at  Freyberg,  in  Saxony.  He  diro^ted  hia  attention  not  merely 
to  the  compoeition  and  external  cbaraotera  of  minerala,  but  also  to  what 
he  termed  **  geognosy,"  or  the  natoral  position  of  minerals  in  particulior 
rocks,  together  with  the  grouping  of  those  rocks,  their  geographical  dis^ 
tribution,  and  various  relations.  The  phenomena  observed  in  the  structure 
of  the  globe  liad  hitherto  served  foe  little  else  than  to  furnish  interesting 
topics  for  philosophical  discussion:  but  when  Werner  pointed  out  their 
application  to  the  practical  purposes  of  mining,  they  were  instantly  re* 
garded  by  a  large  class  of  men  as  an  essential  part  of  their  professional 
education,  and  from  that  time  the  science  was  cultivated  in  Europe  more 
ardently  and  systematically.  Werner's  mind  was  at  once  imaginative 
and  richly  stored  with  miscellaneous  knowledge.  He  associated  every 
thing  with  his  favourite  science,  and  in  his  excursive  lectures  he  pointed 
out  all  the  economical  uses  of  minerals,  and  their  application  to  medicine : 
the  influence  of  the  mineral  composition  of  rocks  upon  the  soil,  and  of  the 
soil  upon  the  resources,  wealth,  and  civilization  of  man.  The  vast  sandy 
plains  of  Tartary  and  Africa,  he  would  say,  retained  their  inhabitants  in 
the  shape  of  wandering  shepherds ;  the  granitie  mountains  and  the  low 
calcareous  and  alla^al  plains  gave  rise  to  difl*erent  manners,  degrees  of 
wealth,  and  intelligence.  The  history  even  of  languages,  and  the  migra* 
tions  of  tribes,  had  been  determined  by  the  direction  of  particular  strata^ 
The  qualities  of  certain  stones  used  in  building  would  lead  him  to  descant 
on  the  architecture  of  different  ages  and  nations ;  and  the  physical  goog^ 
raphy  of  a  country  frequently  invited  him  to  treat  of  military  tactics.  The 
charm  of  his  manners  and  his  eloquence  kindled  enthusiasm  in  the  minds 
of  his  pupils  ;  and  many,  who  had  intended  at  first  only  to  acquire  a  slight 
knowledge  of  minefalogy,  when  they  had  once  heard  liim,  devoted  tbem«> 
selves  to  it  as  the  business  of  their  lives.  In  a  few  years,  a  small  school 
of  mines,  before  unheard  of  in  Europe,  was  raised  to  the  rank  of  a  great 
university ;  and  men  already  distinguished  in  science  studied  the  German 
language,  and  came  from  the  most  distant  countries  to  hear  the  great 
oracle  of  geology.* 

Werner  had  a  great  antipathy  to  the  mechanical  labour  of  writing,  and, 
with  the  exception  of  a  valuable  treatise  on  metolilerous  veins,  be  could 
never  be  persuaded  to  pen  more  than  a  few  brief  memoirs,  and  those  con- 
taining no  development  of  his  general  views.  Although  the  natural 
modesty  of  his  disposition  was  excessive,  approaching  even  to  timidity, 
he  indulged  in  the  most  bold  and  sweeping  generalizations,  and  he 
inspired  all  his  scholars  with  a  most  implicit  faith  in  his  doctrines. 
Their  admiration  of  his  genius,  and  the  feelings  of  gratitude  and  friend- 
ship which  they  all  felt  for  him,  were  not  undeserved;  but  the  supreme 

*  Cuvier,  £loge  de  Wemor. 
Vol.  L— I 
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Europe,  the  igneoiui  origfia  of  which  wa«  denied  by  the  school  of  Frey* 
bei^.* 

Deemarest'e  map  of  Auvergne  was  a  work  of  unconmon  merit  He 
firat  made  a  trigonometrical  survey  of  the  district,  and  delineated  its  phy« 
steal  geography  with  minute  accuracy  and  admirable  graphic  power.  He 
contrived,  at  the  same  time,  to  express,  without  the  aid  of  colours,  a  vast 
quantity  of  geological  detail,  the  different  ages,  and  sometimes  even  the 
structure,  of  the  volcanic  rocks,  distinguishing  them  from  the  fresh-waler 
and  the  granitic.  They  alone  who  have  carefully  studied  Auvergne,  and 
traced  the  different  lava-streams  from  their  craters  to  their  terminatton,— > 
the  various  isolated  basdtic  cappings,  the  relation  of  some  lavas  to  the 
present  valleys, — the  absence  of  sucli  relations  in  others^^can  appreciate 
the  extraordinary  fidelity  of  this  elaborate  work.  No  other  district  of 
equal  dimensions  in  Europe  exhibits,  perhaps,  so  beautiful  and  varied  a 
series  of  phenomena ;  and,  fortunately,  Desmarest  possessed  at  once  the 
mathematical  knowledge  required  for  the  construction  of  a  map,  skill  is 
mineralogy,  and  a  power  of  original  generalization. 

Dolomieu — Montlosier, — Dolomieu,  another  of  Werner's  contemp^M- 
ries,  had  found  prismatic  basalt  among  the  ancient  lavas  of  Etna ;  and,  in 
1784,  had  observed  the  alternations  of  submarine  lavas  and  calcareous  strata 
in  the  Val  di  Noto,  in  Sicily .t  In  1700,  also,  he  described  similar  phe« 
nomena  in  the  Vicentin  and  in  the  Tyrol4  Montlosier  published,  in 
1788,  an  essay  on  the  theory  of  the  volcanos  of  Auvergne,  combining 
accurate  local  observations  with  comprehensive  views.  Notwithstanding 
this  mass  of  evidence^  the  scholars  of  Werner  were  prepared  to  support 
his  opinions  to  their  utmost  extent ;  maintaining,  in  the  fulness  of  their 
faith,  that  even  obsidian  was  an  aqueous  precipitate.  As  they  were 
blinded  by  their  veneration  for  the  great  teacher,  they  were  impatient 
of  opposition,  and  soon  imbibed  the  spirit  of  a  faction ;  and  their  oppo- 
nents, the  Vulcanists,  were  not  long  in  becoming  contaminated  with  the 
same  intemperate  zeal.  Ridicule  and  irony  were  weapons  more  frO* 
quently  employed  than  argument  by  the  rival  sects,  till  at  last  the  contro- 
versy was  carried  on  with  a  degree  of  bitterness  almost  unprecedented  in 
questions  of  physical  science.  Desmarest  alone,  who  had  long  before 
provided  ample  materials  for  refuting  such  a  theory,  kept  aloof  from  the 
strife ;  and  whenever  a  zealous  Neptunist  wished  to  draw  the  old  man 
into  an  argument,  he  was  satisfied  with  replying,  **  Go  and  see."§ 

Huttoriy  1788. — It  would  be  contrary  to  all  analogy,  in  matters  of 

*  Joum.  de  Phyi.  vol.  xiii.  p.  115 ;  and  Viim.  de  I'liuit.,  Scienoea  Math^mat.  «t 
Phyi.  ▼♦I.  Ti.  p.  219. 

t  Joum.  dc  Phys.  torn.  zzv.  p.  191. 
%  lb.  torn,  xxxvii.  part  U.  p.  200. 
§  CuTier,  Eloge  de  Desmarest. 
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graver  import,  that  a  war  should  rage  with  such  fury  on  the  oontioent,  and 
that  the  inhahitants  of  our  island  should  not  mingle  in  the  affray; 
Although  in  England  the  penKHial  influence  of  Werner  was  wanting  to 
stimulate  men  to  the  defence  of  the  weaker  side  of  the  question,  they 
contrived  to  find  good  reason  for  espousing  the  Wernerian  errors  with 
great  enthusiasm.  In  order  to  explain  the  peculiar  motives  wliich  led 
many  to  enter,  even  with  party  feeling,  into  this  contest,  it  will  be  neoes* 
eary  to  present  the  reader  with  a  sketch  of  the  views  unfolded  by  Hutton, 
a  contemporary  of  the  Saxon  geologist.  The  former  naturalist  had  been 
educated  as  a  physician,  but,  declining  the  practice  of  medicine,  he 
resolved,  when  young,  to  remain  content  with  the  small  independence 
inherited  from  his  father,  and  thenceforth  to  give  his  undivided  attention 
to  scientific  pursuits.  He  resided  at  Edinburgh,  where  he  eojoyed  the 
society  of  many  men  of  high  attainments,  who  loved  him  for  the  simpli- 
eity  of  his  manners  and  the  sincerity  of  his  character.  His  application 
was  unwearied;  and  he  made  frequent  tours  through  different  parta  of 
England  and  Scotland,  acquiring  considerable  skill  as  a  mineralogist,  and 
eonsiantly  arriving  at  grand  and  comprehensive  views  in  geology.  He 
eommunicated  the  results  of  his  observations  unreservedly,  and  with  the 
fearless  spirit  of  one  who  was  conscious  that  love  of  truth  was  the  sole 
stimulus  of  his  exertions.  When  at  length  he  had  matured  his  views,  he 
published,  in  1788,  his  ''  Theory  of  the  Earth,"*  and  the  same,  after- 
wards more  fully  developed  in  a  separate  work,  in  1705.  This  treatise 
was  the  first  in  which  geology  was  declared  to  be  in  no  way  concerned 
about  ** questions  as  to  the  origin  of  things;"  the  first  in  which  an 
attempt  was  made  to  dispense  entirely  with  all  hypothetical  causes,  and 
to  explain  the  former  changes  of  the  earth's  crust  by  reference  exclu- 
sively to  natural  agents.  Hutton  laboured  to  give  fixed  principles  to 
geology,  as  Newton  had  succeeded  in  doing  to  astronomy :  but,  in  the 
former  science,  too  little  progress  had  been  made  towards  furnishing  the 
necessary  data,  to  enable  any  philosopher,  however  great  his  genius,  to 
realize  so  noble  a  project. 

Huitonian  //leory.—**  The  ruins  of  an  older  world,"  said  Hutton, 
**  are  visible  in  the  present  structure  of  our  planet ;  and  the  strata  which 
now  compose  our  continents  have  been  once  beneath  the  sea,  and  were 
formed  out  of  the  waste  of  pre-existing  continents.  The  same  forces  are 
still  destroying,  by  chemical  decomposition  or  mechanical  violence,  even 
the  hardest  rocks,  and  transporting  the  materials  to  the  sea,  where  they 
are  spread  out,  and  form  strata  analagous  to  those  of  more  ancient  date. 
Although  loosely  deposited  along  the  bottom  of  the  ocean,  they  become 
afterwards  altered  and  consolidated  by  volcanic  heat,  and  then  heaved  up, 
fractured,  and  contorted." 

•  Ed.  Phil  Trans.  1788. 


70  HUTTONIAN  THEOAT.  [Book  I 

Although  Huttoa  had  never  explored  any  region  of  active  Tolcanos,  he 
had  convinced  himself  that  basalt  and  many  other  trap-rocks  were  of 
igneous  origin,  and  that  many  of  them  had  been  injected  in  a  melted 
state  through  fissures  in  the  older  strata.  The  compactness  of  these 
rocks,  and  their  different  aspect  from  that  of  ordinary  lava,  hd  attribaied 
to  their  having  cooled  down  under  the  pressure  of  the  sea ;  and  in  order 
to  remove  the  objections  started  against  this  tlieory,  his  friend,  Sir  James 
Hall,  instituted  a  most,  curious  and  instructive  series  of  chemical  experi* 
ments,  illustrating  the  chrystalline  arrangement  and  texture  assumed  by 
melted  matter  cooled  under  high  pressure. 

The  absence  of  stratification  in  granite,  and  its  analogy,  in  mineral 
character,  to  rocks  which  he  deemed  of  igneous  origin,  led  Ilutton  to 
conclude  that  granite  also  must  have  been  formed  from  matter  in  fusion ; 
and  this  inference  he  felt  could  not  be  fully  confirmed,  unless  he  discovered 
at  the  contact  of  granite  and  other  strata  a  repetition  of  the  phenomena 
exhibited  so  constantly  by  the  trap-rocks.     Resolved  to  try  his  theory  by 
this  test,  he  went  to  the  Grampians,  and  surveyed  the  line  of  junction  of 
the  granite  and  superincumbent  stratified  masses,  until  he  found  in  Glen 
Tilt,  in  1786,  the  most  clear  and  unequivocal  proofs  in  support  of  his 
views.     Veins  of  red  granite  are  there  seen  branching  out  from  the  prin- 
Opal  mass,  and  traversing  the  black  micaceous  schist  and  primary  limestone. 
The  intersected  stratified  rocks  are  so  distinct  in  colour  and  appearance 
as  to  render  the  example  in  that  locality  most  striking,  and  the  alteration 
of  the  limestone  in  contact  was  very  analagous  to  that  produced  by  trap- 
veins  on  calcareous  strata.     This  verification  of  his  system  filled  him 
with  delight,  and  called  forth  such  marks  of  joy  and  exultation,  that  the 
guides  who  accompanied  him,  says  his  biographer,  were  convinced  that 
he  must  have  discovered  a  vein  of  silver  or  gold.*    He  was  aware  that 
the  same  theory  would  not  explain  the  origin  of  the  primary  schists,  but 
these  he  called  primary,  rejecting  the  term  primitive,  and  was  disposed  to 
consider  them  as  sedimentary  rocks  altered  by  heat,  and  that  they  origi- 
nated in  some  other  form  from  the  waste  of  previously  existing  rocks. 

By  this  important  discovery  of  granite  veins,  to  which  he  had  been  led 
by  fair  induction  from  an  independent  class  of  facts,  Hutton  prepared  the 
way  for  the  greatest  innovation  on  the  systems  of  his  predecessors.  Val- 
lisneri  iiad  pointed  out  the  general  fact  that  there  were  certain  fundamental 
rocks  which  contained  no  organic  remains,  and  which  he  supposed  to 
have  been  formed  before  the  creation  of  living  being*.  Moro,  Generelli, 
and  other  Italian  writers,  embraced  the  same  doctrine ;  and  Ijchman 
regarded  the  mountains  called  by  him  primitive,  as  parts  of  the  original 
nucleus  of  the  globe.  The  same  tenet  was  an  article  of  faith  in  the  school 
of  Freyberg ;  and  if  any  one  ventured  to  doubt  the  possibility  of  our 

•  PUyfkir*!  Works,  vol  iv.  p.  75. 
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being  enabled  to  carry  back  oar  researches  to  the  creation  of  the  present 
order  of  things,  the  granitic  rocks  were  triumphantly  appealed  to.  On 
them  seemed  iivritien«  in  legible  characteifs,  the  memorable  inscription — 

Dinanxi  a  me  non  fur  cose  create 
Se  non  eterne ', 

and  no  smrll  sensation  was  excited  when  Hutton  seemed,  with  unhallowed 
hand,  desirous  to  erase  characters  already  regarded  by  many  as  sacred. 
''  In  the  economy  of  the  world/*  said  the  Scotch  geologist,  m  I  can  find 
no  traces  of  a  beginning,  no  prospect  of  an  end  ;"  a  declaration  the  more 
startling  when  coupled  with  the  doctrine,  that  all  past  changes  on  the 
globe  had  been  brought  about  by  the  slow  agency  of  existing  causes. 
The  imagination  was  first  fatigued  and  overpowered  by  endeavouring  to 
conceive  the  immensity  of  time  required  for  the  annihilation  of  whole 
continents  by  so  insensible  a  process ;  and  when  the  thoughts  had  wan- 
dered through  these  interminable  periods,  no  resting  place  was  assigned  in 
the  remotest  distance.  The  oldest  rocks  were  represented  to  be  of  a 
derivative  nature,  the  last  of  an  antecedent  series,  and  that,  perhaps,  one 
of  many  pre-existing  worlds.  Such  views  of  the  immensity  pf  past 
time,  like  those  unfolded  by  the  Newtonian  philosophy  in  regard  to 
space,  were  too  vast  to  awaken  ideas  of  sublimity  unmixed  with  a  painful 
sense  of  our  incapacity  to  conceive  a  plan  of  such  infinite  extent.  AVorlds 
are  seen  beyond  worlds  immeasurably  distant  from  each  other,  and^ 
beyond  them  all,  innumerable  other  systems  are  faintly  traced  on  the  con- 
fines of  the  visible  universe. 

The  characteristic  feature  of  the  Huttonian  theory  was,  as  before 
hinted,  the  exclusion  of  all  causes  not  supposed  to  belong  to  the  present 
order  of  nature.  But  Hutton  had  made  no  step  beyond  Hooke,  Moro, 
and  Raspe,  in  pointing  out  in  what  manner  the  laws  now  governing  sub- 
terranean movements  might  bring  about  geological  changes,  if  sufficient 
time  he  allowed.  On  the  contrary,  he  seems  to  have  fallen  far  short  of 
some  of  their  views,  especially  when  he  refused  to  attribute  any  part  of 
the  extern  il  configuration  of  the  earth's  crust  to  subsidence.  He  ima- 
gined that  the  continents  were  first  gradually  destroyed  by  aqueous 
degradation  ;  and  when  their  ruins  had  furnished  materials  for  new  con- 
tinents, they  were  upheaved  by  violent  convulsions.  He  therefore 
required  alternate  periods  of  general  disturbance  and  repose ;  and  such 
he  believed  had  been,  and  would  forever  be,  the  course  of  nature. 

Generelli,  in  his  exposition  of  Moro*s  system,  had  made  a  far  nearer 
approximation  towards  reconciling  geological  appearances  with  the  state 
of  nature  as  known  to  us ;  for  while  he  agreed  with  Hutton,  that  the 
decay  and  reproduction  of  rocks  were  always  in  progress,  proceeding 
with  the  utmost  uniformity,  the  learned  Carmelite  represented  the  repairs 
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of  mountains  by  elevation  from  below  to  be  effected  by  an  equally  oonetaat 
and  synchronous  operation.  Neither  of  these  theories,  considered  singlyi 
satisfies  all  the  conditiona  of  the  great  problem,  which  a  geologist,  who 
rejects  cosmological  causes,  is  called  upon  to  solve ;  but  they  probably 
contain  together  the  germs  of  a  perfect  system.  There  can  be  no  doubt, 
that  periods  of  disturbance  and  repose  have  followed  each  other  in  suc- 
cession in  every  region  of  the  globe  ;  but  it  may  be  equally  true,  that  the 
energy  of  the  subterranean  movements  has  been  always  uniform  as  regards 
the  whole  earth.  The  force  of  earthquakes  may  for  a  cycle  of  yean 
have  been  invariably  confined,  as  it  is  now,  to  large  but  determinate 
spaces,  and  may  then  have  gradually  shifted  its  position,  so  that  another 
region,  which  had  for  ages  been  at  rest,  became  in  its  turn  the  grand 
theatre  of  action. 

Playfair^s  iiiuttrations  of  Button. — The  explanation  proposed  by 
Hutton  and  by  Playfair,  the  illustrator  of  his  theory,  respecting  the  origin 
of  valleys,  and  of  alluvial  accumulations,  was  also  very  imperfecL  They 
ascribed  none  of  the  inequalities  of  the  earth's  surface  to  movements 
which  accompanied  the  upheaving  of  the  land,  imagining  that  valleys  in 
general  were  formed  in  the  course  of  ages,  by  the  rivers  now  flowing  in 
them  ;  while  they  seem  not  to  have  reflected  on  the  excavating  and  trans- 
porting power  which  the  waves  of  the  ocean  might  exert  on  land  during 
its  emergence. 

Although  Hutton*s  knowledge  of  mineralogy  and  chemistry  was  con- 
siderable, he  possessed  but  little  information  concerning  organic  remains  ; 
they  merely  served  him,  as  they  did  Werner,  to  characterize  certain 
strata,  and  to  prove  their  marine  origin.  The  theory  of  former  revolu- 
tions in  organic  life  was  not  yet  fully  recognized  ;  and  without  this  class 
of  proofs  in  support  of  the  antiquity  of  tlie  globe,  the  indefinite  periods 
demanded  by  the  Huttonian  hypothesis  appeared  visionary  to  many ; 
and  some,  who  deemed  the  doctrine  inconsistent  with  revealed  truths, 
indulged  very  uncharitable  suspicions  of  the  motives  of  its  author.  They 
accused  him  of  a  deliberate  design  of  reviving  the  heathen  dog^a  of  an 
'*  eternal  succession,"  and  of  denying  that  this  world  ever  had  a  begin- 
ning. Playfair,  in  the  biography  of  his  friend,  has  the  following  com- 
ment on  this  part  of  their  theory : — **  In  the  planetary  motions,  where 
geometry  has  carried  the  eye  so  far,  both  into  the  future  and  the  past,  we 
discover  no  mark  either  of  the  commencement  or  termination  of  the  pre- 
sent order.  It  is  unreasonable,  indeed,  to  suppose  that  such  marks 
should  any  where  exist.  The  Author  of  Nature  has  not  given  laws  to 
the  universe,  which,  like  the  institutions  of  men,  carry  in  themselves  the 
elements  of  their  own  destruction.  He  has  not  permitted  in  His  works 
any  symptom  of  infancy  or  of  old  age,  or  any  sign  by  which  we 
may  estimate  either  their  future  or  their  past  duration.  He  may  put  an 
endf  as  he  no  doubt  gave  a  beginnings  to  the  present  system,  at  some 
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determinate  period  of  time ;  but  we  mtfy  rest  assured  that  this  great 
catastrophe  will  not  be  brought  about  by  the  laws  now  existing,  and  that 
it  is  not  indicated  by  any  thing  which  we  pereeive.*'* 

The  party  feeling  excited  against  the  Hattonian  doctrines,  and  the 
open  disregard  of  candour  and  temper  in  the  controversy,  will  hardly  be 
credited  by  the  reader,  unless  he  recalls  to  his  recollection  that  the  mind 
of  the  English  public  was  at  that  time  in  a  state  of  feverish  excitement. 
A  class  of  writers  in  France  had  been  labouring  industriously,  for  many 
years,  to  diminish  the  influence  of  the  clergy,  by  sapping  the  foundations 
of  the  Christian  faith ;  and  their  success,  and  the  consequences  of  the 
Revolution,  had  alarmed  the  most  resolute  minds,  while  the  imagination 
of  the  more  timid  was  continually  haunted  by  dread  of  innovation,  as  by 
the  phantom  of  some  fearful  dream. 

f^//atre.— Voltaire  had  used  the  modern  discoveries  in  physics  as  one 
of  the  numerous  weapons  of  attack  and  ridicule  directed  by  him  against 
the  Scriptures.  He  found  that  the  most  popular  systems  of  geology  were 
accommodated  to  the  sacred  writings,  and  that  much  ingenuity  had  been 
employed  to  make  every  fact  coincide  exactly  with  the  Mosaic  account  of 
the  creation  and  deluge.  It  was,  therefore,  with  no  friendly  feelings  that 
he  contemplated  the  cultivators  of  geology  in  general,  regarding  the 
science  as  one  which  had  been  successively  enlisted  by  theologians  as  an 
ally  in  their  cause.t  He  knew  that  the  majority  of  those  who  were  aware 
of  the  abundance  of  fossil  shells  in  the  interior  of  continents,  were  still 
persuaded  that  they  were  proofs  of  the  universal  deluge;  and  as  the 
readiest  way  of  shaking  this  article  of  faith,  he  endeavoured  to  inculcate 
scepticism  as  to  the  real  nature  of  such  shells,  and  to  recal  from  contempt 
the  exploded  dogma  of  the  sixteenth  century,  that  they  were  sports  of 
nature.  He  also  pretended  that  vegetable  impressions  were  not  those  of 
real  plants.^  Yet  he  was  perfectly  convinced  that  the  shells  had  really 
belonged  to  living  testacea,  as  may  be  seen  in  his  essay  '*  On  the  formap 
tion  of  Mountain8."§  He  would  sometimes,  in  defiance  of  all  consistency, 
shift  his  ground  when  addressing  the  vulgar;   and,  admitting  the  true 

•  Playfair*!  Works,  vol.  iv.  p.  55. 

t  In  &llanon  to  the  theoriei  of  Burnet,  Woodward,  and  other  phyiico-theological 
writerfl,  he  declared  that  they  were  aa  fond  of  changei  of  scene  on  the  face  of  the 
globe,  as  were  the  populace  at  a  play.  **  Every  one  of  them  destroys  and  renovates 
the  earth  aAer  his  own  fashion,  as  Descartes  framed  it :  for  philosophers  put  them- 
selves without  ceremony  in  the  place  of  God,  and  think  to  create  a  universe  with  a 
word." — Dissertation  envoy ^e  a  T Academic  de  Boulogne,  sur  les  Changemens 
arrives  dans  notre  Globe.  Unfortunately,  this  and  similar  ridicule  directed  against 
the  cosmogonists  was  too  well  deserved. 

X  See  the  chapter  on  "  Des  Fierres  figures." 

§  In  that  essay  he  lays  it  down,  **  that  all  naturalists  are  now  agreed  that  deposits 
of  shells  in  the  midst  of  the  continents  are  monuments  of  the  continued  oceup»- 
tion  of  these  districts  by  the  ocean."    In  another  place,  also,  when  speaking  of  the 
fosnl  shells  of  Touraine,  he  admits  their  true  origin. 
Vol.  I.— K 
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Inainn  of*  thfrshetti  eelleeted  in  the  Alps  and  other  places,  pretend  tbefc 
they  were  Eaeteni  specieit.  which  had  fallen  from  the  hats  of  piigrins 
coming  from  Syria.  The  naaieronB  essays  written  by  him  on  gec^ogical 
snkjeots  were  all  calculated  to  strengthen  prejudices,  partly  because  he 
was  ignorant  of  the  real  state  of  the  science,  and  partly  from  his  bad  fiuth.* 
On  the  other  hand,  they  who  knew  that  his  attacks  were  directed  by  a 
desire  to  invalidate  Scripture,  and  who  were  unacquainted,  with  the  true 
merits  of  the  question,  might  well  deem  the  old  diluvian  hypothesis 
incontrovertible,  if  Voltaire  could  adduce  no  better  argument  against  it 
than  to  deny  the  true  nature  of  organic  remains. 

It  is  only  by  careful  attention  to  impediments  originating  in  extrinsic 
causes,  that  we  can  explain  the  slow  and  reluctant  adoption  of  the  simplest 
truths  in  geology.  First,  we  find  many  able  naturalists  adducing  the  fossil 
remains  of  marine  animals  as  proofs  of  an  event  related  in  Scripture. 
The  evidence  is  deemed  conclusive  by  the  multitude  for  a  century  or 
more;  for  it  favours  opinions  which  they  entertained  before,  and  they 
are  gratified  by  supposing  them  confirmed  by  fresh  and  unexpected  proofik 
Many,  who,  see  through  the  fallacy,  have  no  wish  to  undeceive  those 
who  are  influenced  by  it,  approving  the  effect  of  the  delusion,  and  ponni* 
ving  at  it  as  a  pious  fraud;  until,  finally,  an  opposite  parly,  who  are  hostile 
to  the  sacred  writings,  labour  to  explode  the  erroneous  opinions,  by  suIh 
stituting  for  it  another  dogma  which  they  know  to  be  equally  unsound* . 

The  heretical  Vulcaniste  were  soon  after  openly  assailed  in  Englandt 
by  imputations  of  the  most  illiberal  kind.  We  cannot  estimate  the 
malevolance  of  such  a  persecution,  by  the  pain  which  similar  insinuations 
might  now  inflict:  for.  although  chai)ges  of  infidelity  and  atheism  must 
always  be  odiousi  they  were  injurious  in  the  extreme  at  that- moment  of 
political  excitement;  and  it  was  better,  perhaps,  for  a  man's  good  reeep* 
tion  in  society,  that  his  moral  character  should  have  been  traduced,  thin 
that  he  should  become  a  mark  for  these  poisoned  weapons^ 

I  shall  pass  over  the  works  of  numerous  divines,  who  may  be  excused:, 
for  sensitiveness  on  points  which  then  excited  so  much  uneasiness  in  the 
public  mind ;  and  shall  say  nothing  of  the  amiable  poet  Cowper,t  who 
could  hardly  be  expected  to  have  inquired  into  the  merit  of  doctrines  in 
physics.  But  in  the  foremost  ranks  of  the  intolMsnt,  are  found  several 
laymen  who  had  high  claims  to  scientific  reputation.  Among  these 
appears  Williams,  a  mineral  surveyor  of  Edinburgh,  who  published  a 
«*  Natural  H^istory  of  the  Mineral  Kingdom,"  in  1789;  a  work  of  great 

*  As  an  initance  of  his  deiire  to  throw  doubt  indiscrimioately  on  all  geological 
data,  we  may  recal  the  passage  where  he  says,  that  **  the  bones  of  a  rein-deer  and 
hippopotamus  discoyered  near  Etampes  did  not  pro.ve,  as  some  would  have  it,  that 
Lapland  and  Um  Nile  were  once  on  a  tour  from  Paris  to  Orleans,  but  merely  that  a 
lover  of  curiosities  once  preserved  them  in  his  cabinet/' 

t  The  Task,  book  iii.    «  The  Garden." 


w 


Ch.  IV.]  KIRWAK— D£  LUC.  tS 

merit  for  that  day,  and  of  practical  utilitj*  as  •containing  the  beat  account 
of  the  coal  strata.  In  his  preface  he  misrepresents  Button's  theoiy 
altogether,  and  charges  him  with  considering  «U  roeks  to  be  lavas  of  dif- 
ferent colours  and  structure;  and  also  with  ** warping  every  thii^g  to 
support  the  eternity  of  the  worid/'*^  He  descants  on  the  pemiciois 
influence  of  such  sceptical  notions,  as  leading  to  downright  infidelity  bsjA 
atheism,  **  and  as  being  nothing  less  than  to  depose  the  Almighty  Creator 
of  the  universe  from  his  office."t 

JEtruron— Z)e  Zcfc.-— Kirwan,  president  of  the  Boyal  Academy  of  Dub- 
lin, a  chemist  and  mineralogist  of  some  merit,  but  who  possessed  much 
greater  authority  in  the  scientific  world  than  he  was  entitled  by  his  talents 
to  enjoy,  said,  in  the  introduction  to  his  **  Geological  Essays,  1799," 
**  that  Mtnmd  geology  graduaitd  into  religion,  and  was  required  to  dispel 
certain  systems  of  atheism  or  infidelity,  of  which  they  had  had  recent 
experience."}  He  was  an  uncompromisinjg  defender  of  the  aqueous 
theory  of  all  rocks,  and  was  scarcely  surpassed  by  Burnet  and  Whiston, 
in  his  desire  to  adduce  the  Mosaic  writings  in  confirmation  of  his  opinions* 

De  Luc,  in  the  preliminary  discourse  to  his  Treatise  on  Geology ,§ 
says,  *«the  weapons  have  been  changed  by  which  revealed  religion  is 
attacked;  it  is  now  assailed  by  geology,  and  the  knowledge  of  this 
science  has  become  essential  to  theologians."  He  imputes  the  failure  of 
former  geological  systems  to  their  having  been  anti-Mosaiqtd,  and  directed 
«gainst  a  *«  sublime  tradition."  These  and  similar  imputations,  reiterated 
in  the  works  of  De  Luc,  seem  to  have  been  taken  for  granted  by  some 
modem  writers :  it  is  therefore  necessary  to  state,  in  justice  to  the  nume- 
rous geologists  of  different  nations,  whose  works  have  been  considered, 
ihait  none  of  them  were  guilty  of  endeavouring,  by  arguments  drawn  from 
physics,  to  invalidate  scriptural  tenets.  On  the  contrary,  the  majority  of 
Ihwn  who  were  fortunate  enough  *«  to  discover  the  true  causes  of  things," 
nrely  deserved  another  part  of  the  poet's  panegyric,  ^^Jlique  mehn 
omneM  wbjtcit  pedibuM.'*  The  caution,  and  even  timid  reserve,  of  many 
eminent  Italian  authors  of  the  earlier  period  is  very  apparent:  and  there 
can  hardly  be  a  doubt,  that  they  subscribed  to  certain  dogmas,  and  parti- 
cularly to  the  first  diluvian  theory,  out  of  deference  to  popular  prejudices, 
rather  than  from  conviction.  If  they  were  guilty  of  dissimulation,  we 
may  feel  regret,  but  must  not  blame  their  want  of  moral  courage,  reserv- 
ing rather  our  condemnation  for  the  intolerance  of  the  times,  and  that 
inquisitorial  power  which  forced  Galileo  to  abjure,  and  the  two  Jesuits  to 
disclaim  the  theory  of  Newton.D 

•  P.  577.  t  P.  59.  t  Introd.  p.  2.  §  London,  1809. 

H  In  a  mort  able  article,  by  Mr.  Drinkwater,  on  the  **  Life  of  Galileo,"  pohlished 
in  the  <<  Library  of  Uiefnl  Knowledge,"  it  is  aUted  that  both  Galileo's  work,  and  the 
book  of  Copemicui «  Nin  oonrigator"  (for,  with  the  omifltton  of  certain  psssagea,  it 
was  iaaetioQed),worestiatobeseenon  the  IbcbsMea  Iwt  of  the  Index  at  Rooie  in 
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Hatton  answered  Kirwan's  attacka  with  great  warmth,  and  with  the 
indignation  justly  excited  by  unmerited  reproach.  **  He  had  always  dis- 
played," says  Playfair,  '*  the  utmost  disposition  to  admire  the  beneficent 
design  manifested  in  the  structure  of  the  world ;  and  he  contemplated  with 
delight  those  parts  of  his  theory  wliich  made  the  greatest  additions  to  our 
knowledge  of  final  causes."  We  may  say  with  equal  truth,  that  in  no 
scientific  works  in  our  language  can  more  eloquent  passagei^  be  found, 
concerning  the  fitness,  harmony,  and  grandeur  of  all  parts  of  the  creation, 
than  in  those  of  Playfair.  They  are  evidently  the  unafifected  expressions 
of  a  mind,  which  contemplated  the  study  of  nature,  as  best  calculated  to 
elevate  our  conceptions  of  the  attributes  of  the  First  Cause.  At  any  other 
time  the  force  and  elegance  of  Playfair's  style  must  have  insured  popu- 
larity to  the  Huttonian  doctrines ;  but,  by  a  singular  coincidence,  Nep- 
tunianism  and  orthodoxy  were  now  associated  in  the  same  creed ;  and  the 
tide  of  prejudice  ran  so  strong,  that  the  majority  were  carried  far  away 
into  the  chaotic  fluid,  and  other  cosmological  inventions  of  Werner. 
These  fictions  the  Saxon  professor  had  borrowed  with  little  modification, 
and  without  any  improvement,  from  his  predecessors.  They  had  not  the 
smallest  foundation,  either  in  Scripture  or  in  common  sense,  and  were  pro- 
bably approved  of  by  many  as  being  so  ideal  and  unsubstantial,  that  they 
could  never  come  into  violent  collision  with  any  preconceived  opinions. 

According  to  De  Luc,  the  first  essential  distinction  to  be  made  between 
the  vaiious  phenomena  exhibited  on  the  surface  of  the  earth. was,  to  de- 
termine which  were  the  results  of  causes  still  in  action,  and  which  had 
been  produced  by  causes  that  had  ceased  to  act.  The  form  and  composi- 
tion of  the  mass  of  our  continents,  he  said,  and  their  existence  above  the 
level  of  the  sea,  must  be  ascribed  to  causes  no  longer  in  action.  These 
continents  emerged,  at  no  very  remote  period,  on  the  sudden  retreat  of 
the  ocean,  the  waters  of  which  made  their  way  into  subterranean  caverns* 
The  formation  of  the  rocks  which  enter  into  the  crust  of  the  earth  began 
with  the  precipitation  of  granite  from  a  primordial  liquid,  after  which  other 
strata  containing  the  remains  of  organized  bodies  were  deposited,  till  at 
last  the  present  sea  remained  as  the  residuum  of  the  primordial  liquid,  and 
no  longer  continued  to  produce  mineral  strata.* 

1828.  1  was  however  assured  in  the  same  year,  by  Professor  Scarpellini,  at  Rome, 
that  Pins  VII.,  a  PontiflT  distinj^ished  for  his  love  of  science,  had  procured  a  repeal 
of  the  edicts  against  Galileo  and  the  Copernican  system.  He  had  assembled  the 
Congrre^tion ;  and  the  late  Cardinal  Toriozzi,  assessor  of  the  Sacred  Office,  proposed 
**  that  they  should  wipe  off  this  scandal  from  the  church."  The  repeal  was  carried, 
with  the  dissentient  voice  of  one  Dominican  only.  Long  before  that  time  the  New- 
tonian theory  had  been  taught  in  the  Sapienza,  and  all  Catholic  universities  in 
Europe  (with  the  exception,  I  am  told,  of  Salamanca) ;  but  it  was  always  required 
ef  professors,  in  deference  to  the  degrees  of  the  church,  to  use  the  term  kypothuu, 
instead  of  theory.  They  now  speak  of  the  Copemic&n  tAsory. 
*  Elementary  Treatise  oo  Geology.    London,  1809.    TraoaUted  by  De  la  Fite. 
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William  Smith,  1790.— While  the  tenets  of  the  ri?al  schools  of  Frey- 
berg  and  Edinburgh  were  warmly  espoused  by  devoted  partisans,  the 
labours  of  an  individual,  unassisted  by  the  advantages  of  wealth  or  station 
in  society,  were  almost  unheeded.  Mr.  William  Smith,  an  English  sur- 
veyor, published  his  ''  Tabulai^  View  of  the  British  Strata,"  in  1700, 
wherein  he  proposed  a  classification  of  the  secondary  formations  in  the 
West  of  England.  Although  he  had  not  communicated  with  Werner,  it 
appeared  by  this  work  that  he  had  arrived  at  the  same  views  respecting 
the  laws  of  superposition  of  *Mntified  rocks ;  that  he  was  aware  that  the 
order  of  succession  of  different  groups  was  never  inverted ;  and  that  they 
might  be  identified  at  very  distant  points  by  their  peculiar  organized 
fossils. 

From  the  time  of  the  appearance  of  the  **  Tabular  View,*'  the  author 
laboured  to  construct  a  geological  map  of  the  whole  of  England^  and, 
with  the  greatest  disinterestedness  of  mind,  communicated  the  results  of 
his  investigations  to  all  who  desired  information,  giving  such  publicity  to 
his  original  views,  as  to  enable  his  contemporaries  almost  to  compete  with 
him  in  Uiq  race.  The  execution  of  his  map  was  completed  in  1816,  and 
remains  a  lasting  monument  of  original  talent  and  extraordinary  perseve- 
rance ;  for  he  had  explored  the  whole  country  on  foot,  without  the  gui- 
dance of  previous  observers,  or  the  aid  of  fellow-labourers,  and  had  suc- 
ceeded in  throwing  into  natural  divisions  the  whole  complicated  series  of 
British  rocks.  D*Aubuisson,  a  distinguished  pupil  of  Werner,  paid  a  just 
tribute  of  praise  to  this  remarkable  performance,  observing,  that  ''  what 
many  celebrated  mineralogists  had  only  accomplished  for  a  small  part  of 
Germany  in  the  course  of  half  a  century,  had  been  effected  by  a  single 
individual  for  the  whole  of  England."* 

Werner  invented  a  new  language  to  express  his  divisions  of  rocks,  and 
some  of  his  technical  terms,  such  as  grauwacke,  gneiss,  and  others,  passed 
current  in  every  country  in  Europe.  Smith  adopted  for  the  most  part 
English  provincial  terms,  often  of  barbarous  sound,  such  as  gault,  corn- 
brash,  clunch  clay ;  and  affixed  them  to  subdivisions  of  the  British  series. 
Many  of  these  still  retain  their  place  in  our  scientific  classifications,  and 
attest  his  priority  of  arrangement. 

MODERN  PROORESS  OF  GEOLOGY. 

The  contention  of  tlie  rival  factions  of  the  Volcanisis  and  Neptunists 
had  been  carried  to  such  a  height,  that  these  names  had  become  terms  of 
reproach ;  and  the  two  parties  had  been  less  occupied  in  searching  for 
truth,  than  for  such  arguments  as  might  strengthen  tlicir  own  cause,  or 
serve  to  annoy  their  antagonists.     A  new  school  at  last  arose,  who  pro- 

*"  See  Dr.  Fition's  Memoir  (before  cited),  p.  67. 
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feflsed  the  strietest  neutrality,  and  the  ntmoet  uidifiereneetD  the  systems 
of  Werner  and  Hntton,  and  who  resolved  diligently  to  devote  their  fatboois 
to  observation.  The  reaction,  provoked  by  the  intemperanoe  of  the  eon- 
flicting  parties,  now  produced  a  tendency  to  extreme  caution*  Speenb- 
tive  views  were  discountenanced,  and,  through  fear  of  exposing  themselves 
to  the  suspicion  of  a  bias  towards  the  dogmas  of  a  party,  some  geologists 
became  anxious  to  entertain  no  opinion  whatever  on  the  oavses  of  pheio- 
mena,  and  were  inclined  to  scepticism^esoi^trksrD  the  conclusions  dednei- 
ble  from  observed  facts  scarcely  admtttedlljf  jiaeonable  doubt  - 

Geological  Society  of  Xom/on^-^But  sUbtagfa  the  reluctance  to  theone 
was  carried  somewhat  to  excess,  no  measure  could  be  more  sriutary  at 
such  a  moment  t)ian  a  suspension  of  all  attempts  to  form  what  weie 
termed  '*  theories  of  the  earth."  A  great  body  of  new  data  weretrequiBsd ; 
and  the  Geological  Society  of  London,  founded  in  1807,  conduced  ^greatly 
to  the  attainment  of  this  desirable  end.  To  multiply  andtreeord  obootft- 
tions,  and  patiently  to  await  the  result  at  some  future  period,  was  4he*#b- 
ject  proposed  by  them ;  and  it  was  their  Isvoorite  maxim  that  the  tisM 
was  not  yet  come  for  a  general  system  of  'geology,  but  that  all  musi  be 
content  for  many  years  to  be  exclusively  engaged  in  furnishing  materials 
for  future  generalizations.  By  acting  up  to  these  principles  with  coosist- 
oncy,  they  in  a  few  years  disarmed  all  prejudice,  and  rescued  the  seienee 
-from  the  imputation  of  being  a  dangerous,  or  at  J)eet  bat  a  visionary 
pursuit. 

A  distinguished  modem  writer  has  with  truth  remarked,  that  the  ad- 
vancement of  three  of  the  main  divisions  of  geological  inquiry  have,  during 
the  last  half  century,  been  promoted  successively  by  three  different  natioos 
of  Europe, — the  Germans,  the  English,  and  tlie  French.*  We  have  seen 
that  the  systematic  study  of  what  may  be  called  mineralogical  geology  had 
its  origin,  and  chief  point  of  activity,  in  Germany,  where  Werner  £rst 
described  with  precision  the  mineral  characters  of  rocks.  The  classifica- 
tion of  the  secondary  formations,  each  marked  by  their  peculiar  fossils, 
belongs,  in  a  great  measure,  to  £ngland,  where  the  labours  before  alluded 
to  of  Smith,  and  those  of  the  most  active  members  of  the  Geological  So- 
ciety of  London,  were  steadily  directed  to  these  objects.  The  foundation 
of  the  third  branch,  that  relating  to  the  tertiary  formations,  was  laid  in 
France  by  the  splendid  work  of  Ouvier  and  Brongniart,  published  in  1808, 
<*  On  the  Mineral  Geography  and  Organic  Remains  of  the  Neighbourhood 
of  Paris." 

We  may  still  trace,  in  the  language  of  the  science  and  our  present 
methods  of  arrangement,  the  various  countries  where  the  growth  of  these 
several  departments  of  geology  was  at  different  times  promoted.  Many 
names  of  simple  minerals  and  rocks  remain  to  this  day  German ;  while 

•  WheweU,  British  Critic,  No.  zvii.  p.  187.    1831. 
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the  Earopean  diYisioiui  of  the  secondary  strata  are  in  great  part  English* 
and  are,  indeed,  often  founded  too  exclosirely  on  English  types.  Lastly^ 
the  eubdiyisions  first  established  of  the  succession  of  strata  in  the  Paris 
basm  have  senred  as  normal  groups^  to  which  other  tertiary  deposits- 
tbroughoot  Europe  hare  been  compared*  even  in  cases  where  this  stand* 
ard,  as  will  adterwards  be  shown*  was  wholly  inapplicable.* 

Nt)  period  could  hare  been  more  fortunate  for  the  discoTcry,  in  the  im- 
mediate neighbourhood  of  FonSt  4>f  a  rich  store  of  weU-preseryed  fossils* 
than  the  commencement  of  Ite  present  century ;  for  at  no  former  era  had 
Natural  History  been  culdf«t»d  with  such  enthusiasm  in  the  French 
metropolis*  The  labours  of  Cuvier  in  comparatiye  osteology,  and  of 
Lamarck  in  recent  and  fossil  shells,  had  raised  these  departments  of  study 
to  a  rank  of  which  they  had  never  prsTiously^  been  deemed  susceptible. 
Their  Investigations  had  eventually  a  powerful  effect  in  dispelling  the 
iUnsion  which  had'  long  prevailed  concerning  the  absence  of  analogy  be- 
tween the  ancient  and  modem  state  of  our  planet.  A  close  comparison  of 
the  recent  and  fossil  species*  and  the  inferences  drawn  in  regard  to  their 
habttSv  aecnstomed  the  geologist  to  contemplate  the  earth  as  having  been 
at  sQccessive  periods  the  dweiling-place  of  animals  and  plants  of  different 
raees^  some  terrestrtaly  and  others  aquatio~-eome  fitted  to  live  in  seas» 
otheis  in  the  waters  of  lakes  and  rivers.  By  the  consideration  of  ihese 
topics*  the  mind  was  slowly  and  insensibly  withdrawn  from  imaginary 
pictures  of  catastrophes  and  chaotic  confusion*  such  as  haunted  the  im- 
agination of  the  early  <5bsmogonists.  Numerous  proofs  were  discovered 
of  the  tranquil  deposition  of  sedimentary  matter*  and  the  slow  develop- 
ment of  organiclife..  If  many  writers,  and  Guvier  himself  in  the  number* 
still  continued  to  maintain,  that  **  the  thread  of  induction  was  broken* "t 
yet*  in  reasoning  by  the  strict  rules  of  induction  from  recent  to  fossil 
species*  they  iu'  a  great  measure  disclaimed  the  dogma  which  in  theory 
they  professed.  The  adoption  of  the  same  generic,  and,  in  some  cases, 
even  of  the  same  specific*  names  for  the  exnvis  of  fossil  animals  and  their 
living  analogues,  was  an  important  step  towards  familiarizing  the  mind 
with  the  idea  of  the  identity  and  unity  of  the  system  in  distant  eras.  It 
was  an  acknowletigment,  as  it  were*  that  part  at  least  of  the  ancient 
memorials  of  nature  were  written  in  a  living  language.  The  growing 
importance*  then,  of  the  natural  history  of  organic  remains  may  be  pointed 
out  as  the  characteristic  feature  of  the  progress  of  the  science  during  the 
present  century.  This  branch  of  knowledge  has  already  become  an  in- 
strument of  great  utility  in  geological  classification,  and  is  continuing 
daily  to  unfold  new  data  for  grand  and  enlarged  views  respecting  the 
former  changes  of  the  earth. 

When  we  compare  the  result  of  observations  in  the  last  thirty  yean 

*  Book  iv.  chap.  ii.  t  Diacoon  sor  lea  lUvol.,  dto. 
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with  those  of  the  three  preceding  centuries,  we  cannot  but  look  forward 
with  the  moat  sanguine  expectations  to  the  degree  of  excellence  to  which 
geology  may  be  carried,  e?en  by  the  labours  of  the  present  generation. 
Never,  perhaps,  did  any  science,  with  the  exception  of  astronomy,  un- 
fold, in  an  equally  brief  period,  so  many  novel  and  unexpected  truths,  and 
overturn  so  many  preconceived  opinions.     The  senses  had  for  ages  de- 
clared the  earth  to  be  at  rest,  until  the  astronomer  taught  that  it  was 
carried  through  space  with  inconceivable  rapidity.     In  like  manner  was 
the  surface  of  this  planet  regarded  as  having  remained  unaltered  since  its 
creation,  until  the  geologist  proved  that  it  had  been  the  theatre  of  reiterated 
change,  and  was  still  the  subject  of  slow  but  never-ending  fluctuations. 
The  discovery  of  other  systems  in  the  boundless  regions  of  space  was  the 
triumph  of  astronomy:  to  trace  the  same  system  through  various  trans- 
formations— to  behold  it  at  successive  eras  adorned  with  different  hills  and 
valleys,  lakes  and  seas,  and  peopled  with  new  inhabitants,  was  the  de- 
lightful meed  of  geological  research.     By  the  geometer  were  measured 
the  regions  of  space,  and  the  relative  distances  of  the  heavenly  bodies ; 
•—by  the  geologist  myriads  of  ages  were  reckoned,  not  by  arithmetical 
computation,  but  by  a  train  of  physical  events— a  succession  of  pheBO- 
mena  in  the  animate  and  inanimate  worlds — signs  which  convey  to  our 
minds  more  definite  ideas  than  figures  can  do  of  the  immensity  of  time. 

Whether  our  investigation  of  the  earth's  history  and  structure  will 
eventually  be  productive  of  as  great  practical  benefits  to  mankind  as  a 
knowledge  of  the  distant  heavens,  must  remain  for  the  decision  of  pos- 
terity.   It  was  not  till  astronomy  had  been  enriched  by  the  observations 
of  many  centuries,  and  had  made  its  way  against  popular  prejudices  to 
the  establishment  of  a  sound  theory,  that  its  application  to  the  usefol  arts 
was  most  conspicuous.     The  cultivation  of  geology  began  at  a  later 
period ;  and  in  every  step  which  it  has  hitherto  made  towards  sound 
theoretical  principles,  it  has  had  to  contend  against  more  violent  prepos- 
sessions.    The  practical  advantages  already  derived  from  it  have  not  been 
inconsiderable  :  but  our  generalizations  are  yet  imperfect,  and  they  who 
come  after  us  may  be  expected  to  reap  the  most  valuable  fruits  of  our 
labour.     Meanwhile  the  charm  of  first  discovery  is  our  own ;  and,  as  we 
explore  this  magnificent  field  of  inquiry,  the  sentiment  of  a  great  historian 
of  our  times  may  continually  be  present  to  our  minds,  that  ^'  he  who  calls 
what  has  vanished  back  again  into  being,  enjoys  a  bliss  like  that  of 
creating."* 

*  Niebohr's  Hist,  of  Rome,  vol.  i.  p.  5.  Hare  and  ThirlwiU's  tnuuUtion. 


CHAPTER  V. 

CAU8Z8  WHICH  HAVE  RSTARDZD  THZ  PR0ORS88  OF  OSOLOOT. 

Effects  of  prepoMetiioni  in  refard  to  the  duration  of  past  time — Of  prejudices  arising 
from  our  peculiar  position  as  inhabitants  of  the  land  (p.  88.) — Of  those  occasioned 
by  our  not  seeing  subterranean  changes  now  in  progress — All  these  causes  oom- 
bine  to  make  the  former  course  of  Nature  appear  different  from  th?  present— 
SeTeral  objections  to  the  assumption,  that  existing  causes  have  produced  the  former 
changes  of  the  earth's  surface,  removed  by  modem  discoTeries  (p.  89.) 

If  we  reflect  x>n  the  history  of  the  progress  of  geology,  as  explained  in 
the  preceding  chapters,  we  perceive  that  there  have  been  great  fluctuations 
of  opinion  respecting  the  nature  of  t>ie  causes  to  wbieh  all  former  changes 
of  the  earth's  surface  are  referable.  The  first  observers  conceived  the 
monuments  which  the  geologist  endeavours  to  decipher  to  relate  to  an 
original  state  of  the  earth,  or  to  a  period  when  there  were  causes  ia 
activity,  distinct,  in  kind  and  degree,  from  those  now  constituting  the 
economy  of  nature.  These  views  were  gradually  modified,  and  some  of 
them  entirely  abandoned  in  proportion  as  observations  were  multiplied, 
and  the  signs  of  former  mutations  moro  skilfully  interpreted.  Many  ap- 
pearances, which  had  for  a  long  time  been  regarded  as  indicating  mysteri- 
ous and  extraordinary  agency,  were  finally  recognised  as  the  necessary 
result  of  the  laws  now  governing  the  material  world  ;  and  the  discovery 
of  this  unlooked-for  conformity  has  at  length  induced  some  philosophers 
to  infer,  that,  during  the  ages  contemplated  in  geology,  there  has  never 
been  any  interruption  to  tlie  agency  of  the  same  uniform  laws  of  chanj|[e« 
The  same  assemblage  of  general  causes,  they  conceive,  nay  have  been 
euflicient  to  produce,  by  their  various  combinations,  the  endless  diversity 
of  effects,  of  which  the  shell  of  the  earth  has  preserved  the  memorials  $ 
and,  consistently  with  these  principles,  the  recurrence  of  analogous  changes 
is  expected  by  them  in  time  to  eome. 

'Whether  we  coincide  or  not  in  this  doctrine,  we  must  admit  that  the 
gradual  progress  of  opinion  concerning  the  succession  of  phenomena  in 
very  remote  eras,  resembles,  in  a  singular  manner,  that  which  has  ac- 
companied the  growing  intelligence  of  every  people,  in  regard  to  the 
economy  of  nature  in  their  own  times.  In  an  early  stage  of  advancementt 
when  a  great  number  of  natural  appearances  are  unintelligible,  aneclipse* 
an  earthquake,  a  flood,  or  the  approach  of  a  comet,  with  many  other  oc- 
currences afterwards  found  to  belong  to  the  regular  course  of  events,  are 
regarded  as  prodigies.  The  same  delusion  prevails  as  to  moral  pheno- 
mena, and  many  of  these  are  ascribed  to  the  intenrention  of  demons,  ghosts. 
Vol.  I.— L 
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witches,  and  other  immaterial  and  supernatural  agents.  By  degrees,  niany 
of  the  enigmas  of  the  moral  and  physical  world  are  explained,  and,  instead 
of  being  due  to  extrinsic  and  irregular  causes,  they  are  found  to  depend 
on  fixed  and  invariable  laws.  The  philosopher  at  last  becomes  conviooed 
of  the  undeviating  uniformity  of  secondary  causes  ;  and,  guided  by  his 
faith  in  this  principle,  be  determines  the  probability  of  aecoonts  trans- 
mitted to  him  of  former  occurrences,  and  often  rejects  the  fabulons  tales 
of  former  times,  on  the  ground  of  their  being  irreconcilable  with  the  ex- 
perience  of  more  enlightened  ages. 

Prepoaaessiona  in  regard  to  the  duration  qfpaat  time. — As  a  beli^^ 
the  want  of  conformity  in  the  causes  by  which  the  earth's  crust  has  been 
modified  in  ancient  and  modem  periods  was,  for  a  long  time,  uniTersatty 
prevalent,  and  that,  too,  amongst  men  who  have  been  convinced  that  the 
order  of  nature  is  now  uniform,  and  that  it  has  continued  so  for  seferal 
thousand  years,  every  circumstance  which  could  have  influenced  their 
minds  and  given  an  undue  bias  to  their  opinions  deserves  particular  at^ 
tention.  Now  the  reader  may  easily  satisfy  himself,  that,  however  so- 
deviating  the  course  of  nature  may  have  been  from  the  earliest  epoehs«  if 
was  impossible  for  the  first  cultivators  of  geology  to  come  to  such  a  oon- 
clusion,  so  long  as  they  were  under  a  delusion  as  to  the  age  of  the  world, 
and  tlie  date  of  the  first  creation  of  animate  beings.  However  fantasticsl 
some  theories  of  the  sixteenth  century  may  now  appear  to  us,— -howaiar 
unworthy  of  men  of  great  talent  and  sound  judgment,— we  may  rest  at» 
sured  that,  if  the  same  misconception  now  prevailed  in  regard  to  the 
memorials  of  human  transactions,  it  would  give  rise  to  a  similar  train  of 
absurdities.  Let  us  imagine,  for  example,  that  Champollion,  and  the 
French  and  Tuscan  literati  lately  engaged  in  exploring  the  antiquities  of 
Egypt,  had  visited-  that  country  with  a  firm  belief  that  the  banks  of  the 
Nile  were  never  peopled  by  the  human  race  before  the  beginning  of  the 
nineteenth  century,  and  that  their  faith  in  this  dogma  was  as  diflicult  to 
shake  as  the  opinion  of  our  ancestors,  that  the  earth  was  never  the  abode 
of  living  beings  until  the  creation  of  the  present  continents,  and  of  the 
species  now  existing,*-it  is  easy  to  perceive  what  extravagant  systems 
they  would  frame,  while  under  the  influence  of  this  delusion,  to  account 
for  the  monuments  discovered  in  Egypt.  The  sight  of  the  pyramids, 
obelisks,  colossal  statutes,  and  ruined  temples,  would  fill  them  with  sueh 
astonishment,  that  for  a  time  they  would  be  as  men  spell-bound— wholly 
incapable  of  reasoning  with  sobriety.  They  might  incline  at  first  to  refer 
the  construction  of  such  stupendous  works  to  some  superhuman  powers 
of  a  primeval  world.  A  system  might  be  invented  resembling  that  so 
gravely  advanced  by  Manetho,  who  relates  that  a  dynasty  of  gods  origi- 
nally ruled  in  Egypt,  of  whom  Vulcan,  the  first  monarch,  reigned  9000 
years  ;  after  whom  came  Hercules  and  other  demigods,  who  were  at  last 
succeeded  by  hnman  kings.  ^ 
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When  «oine  fanciful  speculations  of  this  kind  had  amnaed  their  imagi^ 
nations  for  a  time,  some  vast  repository  of  mammies  would  be  discover- 
ed, and  would  immediately  undeceive  those  antiquaries  who  enjoyed  an 
opportunity  of  personally  examining  them ;  but  the  prejudices  of  others 
at  a  distance  who  were  not  eye-witnesses  of  the  whole  phenomena,  would 
not  be  so  easily  overcome.  The  concurrent  report  of  many  travellers 
would,  indeed,  render  it  necessary  for  them  to  accommodate  ancient  theo- 
ries to  some  of  the  new  facts,  and  much  wit  and  ingenuity  would  be  re* 
quired  to  modify  and  defend  their  old  positions.  Each  new  invention 
would  violate  a  greater  number  of  known  analogies ;  for  if  a  theory  be  re- 
quired to  embrace  some  false  princijde,  it  becomes  more  visionary  in  pro- 
portion as  facts  are  multiplied,  as  would  be  the  case  if  geometers  were 
now  required  to  form  an  astronomical  system  on  the  assumption  of  the 
immobility  of  the  earth. 

Amongst  other  fanciful  conjectures  concerning  tlie  history  of  JBgypt,  we 
may  suppose  some  of  the  following  to  be  started :— -"  As  the  banks  of  the 
Nile  liave  been  so  recently  colonized  for  the  first  time,  the  curious  sub- 
stances called  mummies  could  never  in  reality  have  belonged  to  men. 
They  may  have  been  generated  by  some  pUutic  virtue  residing  in  the  in- 
terior of  the  earth,  or  they  may  be  abortions  of  nature  produced  by  her 
incipient  efforts  in  the  work  of  creation.  For  if  deformed  beings  are 
sometimes  bom  even  now,  when  the  scheme  of  the  universe  is  fully  de- 
Teloped,  many  more  may  have  been  *  sent  before  their  time,  scarce  half 
made  np,'  when  the  planet  itself  was  in  the  embryo  state.  But  if  these 
notions  appear  to  derogate  from  the  perfection  of  the  divine  attributes,  and 
if  these  mummies  be  in  all  their  parts  true  representations  of  the  human 
iorm,  may  we  not  refer  them  to  the  future  rather  than  the  past  ?  May 
we  not  be  looking  into  the  womb  of  Nature,  and  not  h-jr  grave  ?  May  not 
these  images  be  like  the  shades  of  the  unborn  in  Virgirs  Eljrsium— the 
archetypes  uf  men  not  yet  called  into  existence!" 

These  speculations,  if  advocated  by  eloquent  writers,  would  not  fail  to 
attract  many  zealous  votaries,  for  they  would  relieve  men  from  the  pain- 
ful necessity  of  renouncing  preconceived  opinions.  Incredible  as  such 
scepticism  may  appear,  it  has  been  rivalled  by  many  sysftms  of  the  six- 
teenth and  seventeenth  centuries,  and  among  others  by  that  of  the  learned 
Falloppio,  who  regarded  the  tusks  of  fossil  elephants  as  eartliy  ooncretionst 
and  the  pottery  or  fragments  of  vases  in  the  Monte  Testaceo,  near  Rome, 
as  works  of  nature,  and  not  of  art.  But  when  one  generation  had  passed 
away,  and  another,  not  compromised  to  the  support  of  antiquated  dogmas, 
had  succeeded,  they  would  review  the  evidence  afforded  by  mummies 
more  impartially,  and  would  no  longer  controvert  the  preliminary  ques- 
tion, that  human  beings  had  lived  in  Egypt  before  the  nineteenth  century : 
so  that  when  a  hundred  years  perhaps  had  been  lost,  the  industry  and 
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talents  of  the  philosopher  woald  be  at  last  directed  to  the  elncidation  of 
points  of  r^al  historical  importance. 

But  the  above  arguments  are  aimed  against  one  only  of  many  prejndiees 
with  which  the  earlier  geologists  had  to  contend.     Even  when  they  con- 
ceded that  the  earth  had  been  peopled  with  animate  beings  at  an  earlier 
period  than  was  at  first  supposed,  they  had  no  conception  that  the  qoao- 
tity  of  time  bore  so  great  a  proportion  to  the  historical  era  as  is  now  gene- 
rally conceded.     How  fatal  eveiry  error  as  to  the  quantity  of  time  mnsl 
prove  to  the  introduction  of  rational  views  concerning  the  state  of  things 
in  former  ages,  may  be  conceived  by  supposing  the  annals  of  the  civil  and 
military  transactions  of  a  g^eat  nation  to  be  perused  under  the  impression 
that  they  occurred  in  a  period  of  100  instead  of  2000  years.      Such 
a  portion  of  history  would  immediately  assume  the  air  of  a  romance ; 
the  events  would  seem  devoid  of  credibility,  and  inconsistent  with  the 
present  course  of  human  affairs.     A  crowd  of  incidents  would  follow 
each  other  in  thick  succession.     Armies  and   fleets  would  appear  to 
be  assembled  only  to  be  destroyed,  and  cities  built  merely  to  fall  in 
ruins.     There  would  be  the  most  violent  transitions  from  foreign  or  intes- 
tine war  to  periods  of  profound  peace,  and  the  works  eflected  during  the 
years  of  disorder  or  tranquillity  would  appear  alike  superhuman  in  magni- 
tude. 

He  who  should  study  the  monuments  of  the  natural  world  nnder  the 
influence  of  a  similar  infatuation,  must  draw  a  no  less  exaggerated  picture 
of  the  energy  and  violence  of  causes,  and  must  experience  the  same  in- 
surmountable difliculty  in  reconciling  the  former  and  present  state  of  na- 
ture. If  we  could  behold  in  one  view  all  the  volcanic  cones  thrown  up  in 
Iceland,  Italy,  Sicily,  and  other  parts  of  Europe,  during  the  last  6000  years, 
and  could  see  the  lavas  which  have  flowed  during  the  same  period ;  the 
dislocations,  subsidences,  and  elevations  caused  by  earthquakes  ;  the  lands 
added  to  various  deltas,  or  devoured  by  the  sea,  together  with  the  eflfects 
of  devastation  by  floods,  and  imagine  that  all  these  events  had  happened 
in  one  year,  we  must  form  most  exalted  ideas  of  the  activity  of  the  agentSy 
and  the  suddenness  of  the  revolutions.  Were  an  equal  amount  of  change 
to  pass  before  our  eyes  in  the  next  year,  could  we  avoid  the  conclusion 
that  some  great  crisis  of  nature  was  at  hand  ?  If  geologists,  therefore, 
have  misinterpreted  the  signs  of  a  succession  of  events,  so  as  to  conclude 
that  centuries  were  implied  where  the  characters  imported  thousands  of 
years,  and  thousands  of  years  where  the  language  of  nature  signified  mil- 
lions, they  could  not,  if  they  reasoned  logically  from  such  false  premises* 
come  to  any  other  conclusion  than  that  the  system  of  the  natural  world 
had  undergone  a  complete  revolution. 

We  should  be  warranted  in  ascribing  the  erection  of  the  great  pyramid 
to  superhuman  power,  if  we  were  convinced  that  it  was  raised  in  one  day; 
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and  if  we  imagine,  in  the  same  manner,  a  moantain-chain  to  have  been 
elevated,  during  an  equally  small  fraction  of. the  time  which  was  really 
occupied  in  uplieaTing  it,  we  might  then  be  justified  in  inferring,  that  the 
subterranean  movements  were  once  far  more  energetic  than  in  our  own 
times.  We  know  that  one  earthquake  may  raise  the  coast  of  Chili  for  a 
hundred  miles  to  the  average  height  of  about  three  feet.  A  repetition  of 
two  thousand  shocks,  of  equal  violence,  might  produce  a  mountain-chain 
one  hundred  miles  long,  and  six  thousand  feet  high.  Now,  should  one 
or  two  only  of  these  convulsions  happen  in  a  century,  it  would  be  consist* 
ent  with  the  order  of  events  experienced  by  the  Chilians  from  the  earliest 
times ;  but  if  the  whole  of  them  were  to  occur  in  the  next  hundred  years, 
the  entire  district  must  be  depopulated,  scarcely  any  animals  or  plants 
could  survive,  and  the  surface  would  be  one  confused  heap  of  ruin  and 
desolation. 

One  consequence  of  undervaluing  greatly  the  quantity  of  past  time,  is  the 
apparent  coincidence  which  it  occasions  of  events  necessarily  disconnected, 
or  which  are  so  unusual,  that  it  would  be  inconsistent  with  all  calculation 
of  chances  to  suppose  them  to  happea  at  one  and  the  same  time.  When 
tlie  unlooked-for  association  of  such  rare  phenomena  is  witnessed  in  the 
present  course  of  nature,  it  scarcely  ever  fails  to  excite  a  suspicion  of  the 
preternatural  in  those  minds  which  are  not  firmly  convinced  of  the  uniform 
agency  of  secondary  causes  ; — as  if  the  death  of  some  individual  in  whose 
fate  they  are  interested  happens  to  be  accompanied  by  the  appearance  of 
a  luminous  meteor,  or  a  comet,  or  tlie  shock  of  an  earthquake.  It  would 
be  only  necessary  to  multiply  such  coincidences  indefinitely,  and  the  mind 
of  every  philosopher  would  be  disturbed.  Now  it  would  be  difficult  to 
exaggerate  the  number  of  physical  events,  many  of  them  most  rare  and 
unconnected  in  their  nature,  which  were  imagined  by  the  Woodwardian 
hypothesis  to  have  happened  in  the  course  of  a  few  months ;  and  numerous 
other  examples  might  be  found  of  popular  geological  theories,  which  re- 
quire us  to  imagine  that  a  long  succession  of  events  happened  in  a  brief 
and  almost  momentary  period. 

Another  liability  to  error,  very  nearly  allied  to  the  former,  arises  from  the 
frequent  contact  of  geological  monuments  referring  to  very  distant  periods 
of  time.  We  often  behold,  at  one  glance,  the  effects  of  causes  which  have 
acted  at  times  incalculably  remote,  and  yet  there  may  be  no  striking  cir- 
cumstances to  mark  the  occurrence  of  a  great  chasm  in  the  chronological 
series  of  Nature's  archives.  In  the  vast  interval  of  time  which  may  really 
have  elapsed  between  the  results  of  operations  thus  compared,  the  physical 
condition  of  the  earth  may,  by  slow  and  insensible  modifications,  have 
become  entirely  altered  ;  one  or  more  races  of  organic  beings  may  have 
passed  away,  and  yet  have  left  behind,  in  the  particular  region  under  con- 
templation, no  trace  of  their  existence. 
To  a  mind  unconscious  of  these  intermediate  events,  the  passage  from 
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MM  sttte.  of  thiiifB  io  flttoibcr  must  appear  so  yioleiit«  that  the  idea  of  lenh 
hiltoBS  in  the  flyatem  inevitably  auggesta  iteelf.  The  imagtoatUMi  ia  ai 
Much  peiplesed  by  the  ideeeption,  aa  it  might  be  if  two  diatant  pointa  in 
apaee  were  suddenly  brought  into  immediate  proziinity.  Let  ua  aopppe^ 
iot  a  momeAt,  that  a  philoaopher  should  lie  down  to  sleep  in  aome 


wildemeaay  and  then  be  transferred  by  a  power,  such  aa  we  read  of  in  tales 
of  enohantment,  to  a  valley  in  a  tropical  country,  where,  on  awaking^  hs 
might  find  himaelf  surrounded  by  birds  of  brilliant  plumage,  and  all  the 
luxuriance  of  animal  and  vegetable  forms  of  which  Nature  is  so  prodigil 
in  those  regions.  The  moat  reasonable  aupposition,  perhaps,  whiok  ha 
could  make,  if  by  the  necromancer's  art  he  was  placed  in  such  a  aituation, 
would  be,  that  he  was  dreaming ;  and  if  a  geologist  form  theoriea  under  a 
aimilar  delusion,  we  cannot  expect  him  to  preserve  more  conaiatooej  in 
his  speculations,  tlian  in  the  train  of  ideas  in  an  ordinary  dream. 

It  may  afford,  perhaps,  a  more  lively  illustration  of  the  principle  here 
insisted  upon,  if  I  recal  to  the  reader's  recollection  the  legend  of  the 
Seven  Sleepers.  The  scene  of  that  popular  fable  was  placed  in  the  two 
eenturies  which  elapsed  between  the  reign  of  the  emperor  Decius  and  the 
death  of  Theodosius  the  younger.  In  that  interval  of  time  (between  the 
years  240  and  450  of  our  era)  the  union  of  the  Roman  empire  had  been 
dissolved,  and  some  of  its  fairest  provincea  overrun  by  tlie  barbartana  of 
the  north.  The  seat  of  government  had  paased  from  Rome  to  Conatanti- 
Dople,  and  the4hrone  from  a  Pagan  persecutor  to  a  succession  of  Chriatian 
and  orthodox  princes.  The  genius  of  the  empire  had  been  humbled  in 
tlie  dust,  and  the  altars  of  Diana  and  Hercules  were  on  the  point  of  being 
transferred  to  Catholic  saints  and  martyrs.  The  legend  reiatea  **  thai 
when  Deciua  was  still  persecuting  the  Christians,  seven  noble  youths  of 
Ephesus  concealed  themselves  in  a  apacioua  cavern  in  the  side  of  an  ad- 
jacent mountain,  where  they  were  doomed  to  perish  by  the  tyrant,  who 
gave  orders  that  the  entrance  should  be  6rmly  secured  with  a  pile  of  huge 
stones.  They  immediately  fell  into  a  deep  slumber,  which  was  miraen* 
lously  prolonged,  without  injuring  the  powers  of  life,  during  a  period  of 
187  years.  At  the  end  of  that  time  the  slaves  of  Adolins,  to  whom  the 
inheritance  of  the  mouAtain  had  descended,  removed  the  stones  to  supply 
■aalerials  for  aome  rustic  edifice :  the  light  of  the  sun  darted  into  the  cavern, 
and  the  seven  sleepers  were  permitted  to  awake.  After  a  slumber,  aa 
they  thought,  of  a  few  hours,  they  were  pressed  by  the  calls  of  hunger, 
and  resolved  that  Jamblichus,  one  of  their  number,  should  secretly  retom 
to  the  city  to  purchase  bread  for  the  use  of  his  companions.  The  youth 
could  oo  longer  recognise  the  once  familiar  aspect  of  his  native  country, 
and  his  surprise  was  increased  by  the  appearance  of  a  large  cross  triumph* 
antly  erected  over  the  principal  gate  of  Ephesus.  His  singular  dreas 
and  obsolete  language  confounded  the  baker,  to  whom  he  offered  an 
wcient  medal  of  Decius  as  the  current  coin  of  the  empire  :  and  Jamblichus, 
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OB  the  Bsspicion  of  a  secret  treasure,  was  dragged  before  the  jodgew 
Their  motual  inqviries  produced  the  amazing  diacoverjr,  that  two  emtu^r 
ries  were  almost  elapsed  since*  Jamblichue  and  his  fiimds  had  escaped 
from  the  rage  d  a  Pagan  tyrant/'* 

This  legend  was  recehred  as  authentic  throughout  the  Christian  world* 
before  the  end  of  the  sixth  century,  and  was  afterwards  introduced  by 
Mahomet  as  a  diTine  rereiatkHi:  into  the  Koran,  and  from  hetwiB  wb»^ 
adopted  and  adorned  by  aU  the  naftions  from  Bengal  to  Africa  who  pnv 
fessed  th%  Mahometan  faith.  Some  vestigeaeven  of  a  similar  traditiow 
ha?e  been  discovered  in  8cand>|yiavia;  ^*  Thiseasjr  and  universal  belief," 
observes  jQie  philosophical  historian  of  tlie  Decline  and  Fall,  ''so  express* 
ive  of  the  sense  of  mankind,  may  be  ascribed  to  the  genuine  merit  of  the 
fable  itself.  We  imperceptibly  advance  from  youth  to  age,  without  ob- 
serving the  gradual,  but  incessant,  change  of  human  affairs  ;  and  even  ia 
our  larger  experience  of  history,  the  imagination  is  accustomed,  by  a  per- 
petual series  of  causes  and  effects,  to  unite  the  most  distant  revolutions^ 
But  if  the  interval  between  two  memorable  eras  could  be  instantly  anni*' 
hiiated ;  if  it  were  possible,  after  a  momentary  slumber  of  two  hundred 
years,  to  display  the  new  world  to  the  eyes  of  a  spectator  who  still  re* 
tained  a  lively  and  recent  impression- of  the  old,  his  surprise  and  his 
reflections  would  furnish  the  pleasing  subject  of  a  philosophical  romance.''t 

Prgudieea  ariting  from  our  ptcuKar  poniion  an  inhabUanU  of  the 
iiemif.— >The  sources  of  prejudice  hitherto  considered  may  be  deemed  pe- 
culiar for  the  most  part  to  the  infancy  of  the  science,  but  others  are  com* 
mon  to  the  first  cultivators  of  geology  and  to  ourselves,  and  are  all  singiH 
larly  calculated  to  produce  the  same  deception,  and  to  strengthen  our 
belief  that  the  course  of  nature  in  the  earlier  ages  differed  widely  from 
that  now  established.  Although  these  circumstancee  cannot  be  fully  ex* 
plained  without  assuming  some  things  as  proved,  which  it  will  be  the 
object  of  another  part  of  this  work  to  demonstrate,  it  may  be  well  to  allude 
^  them  briefly  in  this  place. 

The  first  and  greatest  difficulty,  then,  consists  in  an  habitual  uncon- 
sciousness that  our  position  as  observers  is  essentially  unfavourable,  when 
we  endeavour  to  estimate  the  magnitude  of  the  changes  now  in  progress. 
In  consequence  of  our  inattention  to  this  subject,  we  are  liable  to  seriou* 
mistakes  in  contrasting  the  present  with  the  former  stales  of  the  globe. 
As  dwellers  on  the  land,  we  inhabit  about  a  fourth  part  of  the  surface ; 
and  that  portion  is  almost  exclusively  a  theatre  of  decay,  and  not  of 
reproduction.  We  know,  indeed,  that  new  deposits  are  annually  formed 
in  seas  and  lakes,  and  that  every  year  some  new  igneous  rocks  are  pro- 
duced in  the  bowels  of  the  earth,  but  we  cannot  watch  the  progress  of 
their  formation ;  and  as  they  are  only  present  to  our  minds  by  the  aid  of 

*  Gibbon,  Decline  and  FaU,  chap,  zziii.  t  Ibid. 
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reflection,  it  reqniret  an  eflfort  both  of  the  reason  and  the  imagination  to 
appreciate  duly  their  importance.  It  is,  therefore,  not  surprising  thai  we 
estimate  very  imperfectly  the  result  of  operations  thus  invisible  to  ns; 
and  that,  when  analogous  results  of  former  epochs  are  presented  to  oor 
inspection,  we  cannot  immediately  recognise  the  analogy.  He  who  has 
observed  the  quarrying  of  stone  from  a  rock,  and  has  seen  it  shipped  fiir 
some  distant  port,  and  then  endeavours  to  conceive  what  kind  of  edifice 
will  be  raised  by  the  materials,  is  in  the  same  predicament  as  a  geologist» 
who,  while  he  is  confined  to  the  land,  sees  the  decomposition  ^of  rocks, 
and  the  transportation  of  matter  by  rivers  to  the  sea,  and  then  endeavoois 
to  picture  to  himself  the  new  strau  which  Nature  is  building  beneath  lbs 
waters. 

Prg'udicea  arising  from  our  not  seeing  subterranean  changUr^Vot 
i»  his  position  less  unfavourable  when,  beholding  a  volcanic  eruption,  he 
tries  to  conceive  what  changes  the  column  of  lava  has  produced,  in  its 
passage  upwards,  on  the  intersected  strata ;  or  what  form  the  melted  mat- 
ter may  assume  at  great  depths  on  cooling;  or  what  may  be  the  extent  of 
the  subterranean  rivers  and  reservoirs  of  liquid  matter  far  beneath  the 
surface.  It  should,  therefore,  be  remembered,  that  the  task  imposed  on 
those  who  study  the  earth's  history  requires  no  ordinary  share  of  discre- 
tion ;  for  we  are  precluded  from  collating  the  corresponding  parts  of  the 
system  of  things  as  it  exists  now,  and  as  it  existed  at  former  periods. 
If  we  were  inhabitants  of  another  elcmentr— if  the  great  ocean  were  our 
domain,  instead  of  the  narrow  limits  of  the  land,  our  difficulties  would  be 
considerably  lessened;  while,  on  the  other  hand,  tliere  can  be  litde 
doubt,  although  the  reader  may,  perhaps,  smile  at  the  bare  suggestion  of 
such  an  idea,  that  an  amphibious  being,  who  should  possess  our  facul- 
ties, would  still  more  easily  arrive  at  sound  theoretical  opinions  in  geo- 
logy, since  he  might  behold,  on  the  one  hand,  the  decomposition  of  rocks 
in  the  atmosphere,  or  the  transportation  of  matter  by  running  water;  and, 
on  the  other,  examine  the  deposition  of  sediment  in  the  sea,  and  the 
imbedding  of  animal  and  vegetable  remains  in  new  strata.  He  might 
ascertain,  by  direct  observation,  the  action  of  a  mountain  torrent,  as  well 
as  of  a  marine  current ;  might  compare  the  products  of  volcanos  poured 
out  upon  the  land  with  those  ejected  beneath  the  waters;  and  might 
mark,  on  the  one  hand,  the  growth  of  tlie  forest,  and  on  tlie  other  tliat 
of  tiis  coral  reef.  Yet,  even  witii  these  advantages,  he  would  be  liable  to 
fall  into  the  greatest  errors  when  endeavouring  to  reason  on  rocks  of  sub^ 
terranean  origin.  He  would  seek  in  vain,  within  the  sphere  of  his 
observation,  for  any  direct  analogy  to  the  process  of  their  formation,  and 
would  therefore  be  in  danger  of  attributing  them,  wherever  they  are 
upraised  to  view,  to  some  '« primeval  state  of  nature.** 

But  if  we  may  be  allowed  so  far  to  indulge  the  imagination,  as  to  sup- 
pose a  being  entirely  confined  to  the  nether  world— some   "  dusky 
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melancholy  sprite,"  like  Umbriel,  who  could  "  flit  on  sooty  pinions  to 
the  central  earth/'  but  who  was  never  permitted  to  ''  sully  tlie  fair  face 
of  light,*'  and  emerge  into  the  regions  of  water  and  of  air ;  and  if  this 
being  should  busy  himself  in  inrestigating  the  structure  of  the  globe,  ho 
might  frame  theories  the  exact  converse  of  those  usually  adopted  by 
human  philosophers.    He  might  infer  that  the  stratified  rocks,  containing 
shells  and  other  organic  remains,  were  the  oldest  of  created  things, 
belonging  to  some  original  and  naseent  state  of  the  planet.    "  Of  these 
masses,"  he  might  say,  ''  whether  they  consist  of  loose  incoherent  sand, 
soft  clay,  or  solid  stone,  none  have  been  formed  in  modern  times.     Every 
year  some  part  of  them  are  broken  and  shattered  by  earthquakes,  or 
melted  by  volcanic  fire  ;  and,  when  they  cool  down  slowly  from  a  state 
of  fusion,  they  assume  a  new  and  more  crystalline  form,  no  longer  exhib- 
iting that  stratified  disposition,  and  those  curious  impressions  and  fan- 
tastic  markings,  by  which  they  were  previously  characterized.   This  pro- 
cess cannot  have  been  carried  on  for  an  indefinite  time,  for  in  that  case 
all  the  stratified  rocks  would  long  ere  this  have  been  fused  and  crystal- 
lized.    It  is  therefore  probable  that  the  whole  planet  once  consisted  of 
these  mysterious  and  curiously  bedded  formations  at  a  time  when  the 
volcanic  fire  had  not  yet  been  brought  into  activity.     Since  that  period 
there  seems  to  have  been  a  gradual  development  of  heat ;  and  this  aug- 
mentation we  may  expect  to  continue  till  the  whole  globe  shall  be  in  a 
state  of  fluidity  and  incandescence." 

Such  might  be  the  system  of  the  Gnome  at  the  very  time  that  the  fol- 
lowers of  Leibnitz,  reasoning  on  what  they  saw  on  the  outer  surface, 
might  be  teaching  the  opposite  doctrine  of  gradual  refrigeration,  and  aver- 
ring that  the  earth  had  begun  its  career  as  a  fiery  comet,  and  might  be 
destined  hereafter  to  become  a  frozen  mass*  The  tenets  of  the  schools 
of  the  nether  and  of  the  upper  world  would  be  directly  opposed  to  each 
other,  for  both  would  partake  of  the  prejudices  inevitably  resulting  from 
the  continual  contemplation  of  one  class  of  phenomena  to  the  exclusion 
of  another.  Man  observes  the  annual  decomposition  of  crystalline  and 
igneous  rocks,  and  may  sometimes  see  their  conversion  into  stratified 
deposits  ;  but  he  cannot  witness  the  reconversion  of  the  sedimentary  into 
the  crystalline  by  subterranean  fire.  He  is  in  the  habit  of  regarding  all 
the  sedimentary  rocks  as  more  recent  than  the  unstratified,  for  the  same 
reason  that  we  may  suppose  him  to  fall  into  the  opposite  error  if  he  i%w 
the  origin  of  the  igneous  class  only. 

ASSUMPTION   OF  THE    DISCORDANCE  OF   THE  ANCIENT  AND  EXISTING  CAUSES 

or  CHANGE  UNPHILOSOPHIOAL. 

It  is  only  by  becoming  sensible  of  our  natural  disadvantages  that  we 
shall  be  roused  to  exertion,  and  prompted  to  seek  out  opportunities  of 
Vol.  L— M 
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dbn^Bffvitij  such  of  the  operBtions  now  in  progreM,  ii  do  not  preoent  thcoh 
ilshre^  retkdiiy  to  Tiew.  We  are  called  upon,  in  our  reeearchet  into  thvttM 
of  tho  eartbi  ••  in  onr  endeavoiirfl  to  comprehend  the  ttechaoieni  of  the 
heBven^i  to  mfent  means  for  overcoming  the  limited  range  of  our  TiaioB. 
We  ate  perpetually  required  to  bring,  aa  far  as  posaible,  within  the 
^hete  of  obaervatioB,  thinga  to  which  the  eye,  unaaaiated  by  art,  eonU 
nerer  obtain  acceaa. 

It  was  not  an  impossible  contingeney,  that  aatronomera  aiiglit  haiva 
been  plaeed  at  some  period  in  a  situation  much  resembling  that  in  wUeh 
the  geologist  seems  to  stand  at  present.  If  the  Italiana,  for  ezaaifle«  in 
the  early  part  of  the  twelfth  century,  had  discovered  at  Amalfi,  ttilmd  of 
the  pandecia  of  Jualinian,  aome  ancient  manuscripts  filled  with  astro* 
nomrcal  observations  relating  to  a  period  of  9000  years,  and  mode  by 
some  ancient  geometers  who  possessed  optical  instruments  as  peiftol 
as  any  in  modern  Europe,  Ihey  would,  probably,  on  consulting  these 
memorials,  have  come  to  a  conclusion  that  there  had  been  a  great  ravo* 
lution  in  the  solar  and  sidereal  systems.  **  Many  primary  and  aeoondaqr 
planets,'*  they  might  say,  **  are  enumerated  in  theae  tables,  which  eodst 
no  longer.  Their  positions  are  assigned  with  such  precision,  that  wa 
may  assure  ourselves  that  there  ia  nothing  in  their  place  at  present  bat 
the  blue  ether.  Where  one  star  ia  visible  to  us,  these  documents  rapia^ 
sent  several  thousands.  Some  of  those  which  are  now  atngle,  conaialad 
then  of  two  separate  bodies,  often  distinguished  by  different  colonre,  and 
revolving  periodically  round  a  common  centre  of  gravity.  There  is 
nothing  analogous  to  them  in  the  universe  at  present;  for  they  wave 
neither  fixed  stars  nor  planets,  but  seem  to  have  stood  in  the  mutual  mla* 
tion  of  sun  and  planet  (o  each  other.  We  muet  conclude,  therefore,  that 
there  has  occurred,  at  no  distant  period,  a  tremendooa  cataatrophe, 
whereby  thousands  of  worids  have  been  annihilated  at  once,  and  aome 
heavenly  bodies  absorbed  into  the  substance  of  others."  When  aneh 
doctrines  had  prevailed  for  ages,  the  discovery  of  one  of  the  worids^ 
supposed  to  have  been  lost,  by  the  aid  of  the  firat  rude  telescope  in* 
vented  after  the  revival  of  science,  would  not  dissipate  the  delusion,  far 
the  whole  burden  of  proof  would  now  be  thrown  on  those  who  inaiated 
on  the  stability  of  the  system  from  a  remote  period,  and  these  philo» 
sophers  would  be  required  to  demonstrate  the  existence  of  all  the  worlds 
said  to  have  been  annihilated. 

Such  popular  prejudices  would  be  most  unfavourable  to  the  advance- 
ment of  astronomy  ;  for,  instead  of  persevering  in  the  attempt  to  improve 
their  instruments,  and  laboriously  to  make  and  record  observations,  the 
greater  number  would  despair  of  verifying  the  continued  existence  of  the 
heavenly  bodies  not  visible  to  the  naked  eye.  Instead  of  confessing  the 
extent  of  their  ignorance,  and  striving  to  remove  it  by  bringing  to  light 
new  fads,  they  would  indulge  in  the  more  easy  and  indolent  employment 
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of  frmmlng  imaginary  theoriea  conoenuog  cataaUrophen  and  migbtj  T$^(h 
lotions  in  the  ayatem  of  the  uniTerae. 

For  more  than  two  ceotariea  the  ahelly  strata  of  the  Sub^pemiioe  hil)9 
afforded  matter  of  speculation  to  the  early  geologists  of  Ilply«  and  few  of 
them  had  any  suspicion  that  similar  deposits  were  jdben  fonQiiy  in  UiQ 
neighbouring  sea.  They  were  as  nncoascioos  of  the  conliaued  actipja  ojf 
causes  still  producing  similar  effecU»  as  the  sstronomersi  in  the  c»sf9 
above  supposed,  of  the  existence  of  certain  heavenly  bodies  siiJJ  giving 
and  reflecting  light,  and  performing  their  movemenls  as  of  old.  Some 
imagined  that  the  strata,  so  rich  in  organic  remains,  instead  of  being  duo 
to  soMadary  agents,  had  been  so  created  in  the  beginniog  of  things  by 
the  fiat  of  the  Almighty ;  and  others  aapribed  the  imbodded  fossil  bodies 
to  some  plastic  power  which  resided  in  the  earth  in  the  early  ages  of  the 
world.  At  length  Donati  explored  the  bed  of  the  Adriatic,  and  found  th/o 
closest  resemblanoe  between  the  new  deposits  there  forming,  aad  ^hom 
which  constituted  hills  above  a  thousand  feet  high  in  various  parts  of  thu 
Italian  peninsula.  He  ascertained  that  certain  genera  of  living  testacet 
wese  grouped  together  at  the  bottom  of  the  sea,  in  precisely  the  samt 
manner  as  were  their  fossil  analogues  in  the  strata  of  the  hills,  and  that 
eoBM  species  were  common  to  the  recent  and  fossil  world.  Beds  of 
shells,  moreover,  in  the  Adriatic,  were  becoming  incrusted  with  calcareous 
rock :  and  others  were  recently  inclosed  in  deposits  of  sand  and  clay, 
precisely  as  fossil  shells  were  found  in  the  hills.  This  splendid  discovery 
of  the  identity  of  modern  and  ancient  submarine  operations  was  oo^ 
made  without  the  aid  of  artificial  instruments,  which,  Uke  the  telescope, 
brought  phenomena  into  view  not  otherwise  within  the  sphere  of  humsA 


In  like  manner,  in  tlie  Vicentin,  a  great  series  of  volcanic  and  marine 
sedimentary  rocks  was  examined  in  the  early  part  of  the  last  century ; 
l>ut  no  geologists  suspected,  before  the  time  of  Ardnino,  that  these  were 
partly  composed  of  ancient  submarine  lavas.  If,  when  these  inquiries 
were  first  made,  geologists  had  been  told  that  the  mode  of  formation  of 
such  rocks  might  be  fully  elucidated  by  the  study  of  processes  then  going 
on  in  certain  parts  of  the  Mediterranean,  they  would  have  been  as 
incredulous  as  geometers  would  have  been  before  the  time  of  Newton,  if 
any  one  had  informed  them  that,  by  making  experiments  on  the  motion 
of  bodies  on  the  earth,  they  might  discover  the  laws  which  regulated  the 
movements  of  distant  planets. 

The  establishment,  from  time  to  time,  of  numerous  points  of  identifica- 
tion, drew  at  length  from  geologists  a  reluctant  admission,  that  there  was 
more  correspondence  between  the  physical  constitution  of  the  globe,  and 
more  uniformity  in  the  laws  regulating  the  changes  of  its  surface,  from 
the  most  remote  eras  to  the  present,  than  they  at  first  imagined.  If,  in 
this  state  of  the  science,  they  still  despaired  of  reconciling  every  class  of 


•  •I 


K  ASSUMED  DISCORDANCE  OF  [INK 

geological  phenomena  to  the  operations  of  ordinary  causes,  eviii|',|bj 
straining  analogy  to  the  utmost  limits  of  credibility,  we  might'  %fra 
expected,  at  least,  that  the  balance  of  probability  would  now  hiTe  basa 
presumed  to  incline  towards  the  identity  of  the  causes.  But*  aflsr 
repeated  experience  of  the  failure  of  attempts  to  speculate  on  diflcraat 
classes  of  geological  phenomena,  as  belonging  to  a  distinel  order  ef 
things,  each  new  sect  persevered  systematically  in  the  principles  adopted 
by  their  predecessors.  They  invariably  began,  as  each  new  probk|a 
presented  itself,  whether  relating  to  the  animate  or  inanimate  worlds  to 
assume  in  their  theories,  that  the  economy  of  nature  was  formeily 
governed  by  rules  for  the  most  part  independent  of  those  now  estMislkd 
Whether  they  endeavoured  to  account  for  the  origin  of  certain  igneoitt 
rocks,  or  to  explain  the  forces  which  elevated  hills  or  excavated  vaibp» 
or  the  causes  which  led  to  the  extinction  of  certain  races  of  animalSv'^M 
first  presupposed  an  original  and  dissimilar  order  of  nature  ;  and  when  at 
length  they  approximated,  or  entirely  came  round  to  an  opposite  opioiOBi 
it  was  always  with  the  feeling,  that  they  conceded  what  they  were  jwti^ 
fied  a  priori  in  deeming  improbable.  In  a  word,  the  same  men  whe^  M 
natural  philosophers,  would  have  been  most  incredulous  respecting  any 
extraordinary  deviations  from  the  known  course  of  nature,  if  repoxlad  le 
have  happened  in  their  own  time^  were  equally  disposed,  as  geokigiatSt 
to  expect  the  proofs  of  such  deviations  at  every  period  of  the  paet. 

I  shall  now  proceed  to  enumerate  some  of  the  principal  diflteoltles 
still  opposed  to  the  theory  of  the  uniformity  of  the  causes  which  have 
worked  successive  changes  in  the  crust  of  the  earth,  and  in  the  condition 
of  its  living  inhabitants.  The  discussion  of  so  important  a  question  on 
the  present  occasion  may  appear  premature,  but  it  is  one  which  naturally 
arises  out  of  a  review  of  the  former  history  of  the  science.  It  is,  of 
course,  impossible  to  enter  fully  into  such  speculative  topics,  without 
occasionally  carrying  the  novice  beyond  his  depth,  and  appealing  to  facta 
and  conclusions  with  which  he  must  as  yet  be  unacquainted  ;  but  his 
curiosity  cannot  fail  to  be  excited  by  having  his  attention  at  once  called 
to  some  of  the  principal  points  in  controversy,  and  after  reading  the 
second,  third,  and  fourth  books,  he  may  return  again  to  these  preliminary 
essays  with  increased  interest  and  profit. 

First,  then,  it  is  undeniable,  that  many  objections  to  the  doctrine  of  the 
uniform  agency  of  geological  causes  have  been  partially  or  entirely 
removed  by  the  progress  of  the  science  during  the  last  forty  years.  It 
was  objected,  for  example,  to  those  who  endeavoured  to  explain  the 
formation  of  sedimentary  strata  by  causes  now  in  diurnal  action,  that 
they  must  take  for  granted  incalculable  periods  of  time.  Now  the  time 
which  they  required  has  since  become  equally  requisite  to  account  for 
another  class  of  phenomena  brought  to  light  by  more  recent  investigationa. 
It  must  always  have  been  evident  to  unbiassed  minds,  that  successive 
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■trMB»  containing,  in  regrular  order  of  superposition,  distinct  shells  and 
eorals,  arranged  in  families  as  they  grow  at  the  bottom  of  the  sea,  could 
only  have  been  formed  by  slow  and  insensible  degrees  in  a  great  kpse  of 
ages:  yet,  until  organic  remains  were  minutely  examined  and  specifically 
determined,  it  was  rarely  possible  to  prove  that  the  series  of  deposits  met 
with  in  one  country  was  not  formed  simultaneously  with  that  found  in 
mother.  But  we  are  now  able  to  determine,  in  numerous  instances,  the 
relative  dates  of  sedimentary  rocks  in  distant  regions,  and  to  show,  by 
their  organic  remains,  that  they  were  not  of  contemporary  origin,  but 
formed  in  succession.  We  often  find,  that  where  an  interruption  in  the 
consecutive  formations  in  one  district  is  indicated  by  a  sudden  transition 
from  one  assemblage  of  fossil  species  to  another,  the  chasm  is  filled  up, 
in  tone  other  district,  by  important  groups  of  strata.* 

The  more  attentively  we  study  the  European  continent,  the  greater  we 
find  the  extension  of  the  whole  series  of  geological  formations.  No 
•Doner  does  the  calendar  appear  to  be  completed,  and  the  signs  of  a  sue-  / 
ceasion  of  physical  evento  arranged  in  chronological  order,  than  we  are 
called  upon  to  intercalate,  as  it  were,  some  new  period  of  vast  duration. 
A  geologist,  whose  observations  have  been  confined  to  England,  is  accus« 
tomed  to  consider  the  superior  and  newer  groups  of  marine  strata  in  our 
island  as  modem,— and  such  they  are,  comparatively  speaking;  but 
when  he  has  travelled  through  the  Italian  peninsula  and  Sicily,  and  has 
■een  strata  of  more  recent  origin  forming  mountains  several  thousand 
feel  high,  and  has  marked  a  long  series  both  of  volcanic  and  submarine 
operations,  all  newer  than  any  of  the  regular  strata  which  enter  largely 
into  the  physical  structure  of  Great  Britain,  he  returns  witli  more  exalted 
conceptions  of  the  antiquity  of  some  of  our  modem  deposita  than  he  y 
before  entertained  of  the  oldest  of  the  Britbh  series. 

We  cannot  reflect  on  the  concessions  thus  extorted  from  us,  in  regard 
to  the  duration  of  past  time,  without  foreseeing  that  the  period  may 
arrive  when  part  of  the  Huttonian  theory  will  be  combattad  on  the  ground 
of  its  departing  too  far  from  the  analogy  of  the  present  course  of  nature. 
On  a  closer  investigation  of  extinct  volcanos,  we  find  proofs  that  they 
broke  out  at  successive  eras,  and  that  the  eruptions  of  one  group  were 
often  concluded  long  before  others  had  commenced  their  activity.  Some 
were  burning  when  one  class  of  organic  beings  were  in  existence,  others 
came  into  action  when  a  different  and  new  race  of  animals. and  planta 
existed : — it  is  more  than  probable,  tlierefore,  that  the  convulsions  caused 
by  subterranean  movementa,  which  seem  to  be  merely  another  portion  of 
the  volcanic  phenomena,  have  also  occurred  in  succession ;  and  their 
eflfecta  must  be  divided  into  separate  sums,  and  assigned  to  separate  / 
periods  of  time.     Nor  is  this  all :  when  we  examine  the  volcanic  pro- 

*  See  Book  It.  chap.  iii. 
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ducts,  whether  they  be  lavee  which  flowed  out  under  wttteri  or  opoo  diy 
land,  we  find  that  interirals  of  time,  often  of  great  length,  interfraed 
between  their  formation,  and  that  the  effecta  of  single  emptions  were  not 
greater  in  amount  than  those  which  now  result  from  ordinary  volcanic 
convulsions.  The  accompanying  or  preceding  ^jurthquakes,  therefiMC« 
may  be  considered  to  have  been  sdso  successive,  often  interrupted  by  loiig 
intervals  of  time,  and  not  to  have  exceeded  in  violence  those  now  «xpe* 
rienced  in  the  ordinary  course  of  nature. 

Already,  therefore,  may  we  regard  the  doctrine  of  the  sudden  devatioB 
of  whole  continents  by  paroxysmal  eruptions  as  invalidated ;  and  tlMie 
was  the  greatest  inconsistency  in  the  adoption  of  such  a  tenet  by  the 
Huttonians,  who  were  anxious  to  reconcile  former  changes  to  the  present 
economy  of  the  world.  It  was  contrary  to  analogy  to  suppose,  that 
Nature  had  been  at  any  former  epoch  parsimonious  of  time  and  pcodigd 
of  violence — to  imagine  that  one  district  was  not  at  rest,  while  another 
was  convulsed — that  the  disturbing  forces  were  not  kept  under  subjoctioOt 
so  as  never  to  carry  simultaneous  havoc  and  desolation  over  the  whole 
earth,  or  even  over  one  great  region.  If  it  could  have  been  shown,  tb^^a 
certain  combination  of  circumstances  would  at  some  future  period  pro- 
duce a  crisis  in  the  subterranean  action,  we  should  certainly  have  had  bo 
right  to  oppose  our  experience  for  the  last  three  thousand  years  as  an 
argument  against  the  probability  of  such  occurrences  in  past  ages ;  but  it 
is  not  pretended  that  such  a  combination  can  be  foreseen. 

In  speculating  on  catastrophes  by  water,  he  may  certainly  anticipate 
great  floods  in  future ;  and  we  may  therefore  presume  that  they  have 
happened  again  and  again  in  past  times.  The  existence  of  enormous 
seas  of  fresh  water,  such  as  the  North  Ajnerican  lakes,  the  surface  of  the 
largest  of  which  is  elevated  more  than  600  feet  above  the  level  of  the 
ocean,  and  is  in  parts  1200  feet  deep,  is  alone  sufficient  to  assure  us,  that 
the  time  may  come,  however  distant,  when  a  deluge  may  lay  waste  a 
considerable  part  of  the  American  continent.  No  hypothetical  agency  is 
required  to  cause  the  sudden  escape  of  the  conflned  waters.  Such 
changes  of  level,  and  opening  of  fissures,  as  have  accompanied  earth- 
quakes since  the  commencement  of  the  present  century,  or  such  excava- 
tion of  ravines  as  the  receding  cataract  of  Niagara  is  now  eflfecting, 
might  breach  the  barriers.  Notwithstanding,  therefore,  that  we  have 
not  witnessed  within  the  last  3000  years  the  devastation  by  deluge  of  a 
large  continent,  yet,  as  we  may  predict  the  future  occurrence  of  such 
catastrophes,  we  are  authorized  to  regard  them  as  part  of  the  present 
order  of  Nature ;  and  they  may  be  introduced  into  geological  speculations 
respecting  the  past,  provided  we  do  not  imagine  them  to  have  been  more 
frequent  or  general  than  we  expect  them  to  be  in  time  to  come. 

The  great  contrast  in  the  aspect  of  the  older  and  newer  rocks,  in 
texture,  structure,  and  the  derangement  of  the  strata,  appeared  formerly 
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one  of  the  strongest  groonds  for  prenumBg  that  the  causes  to  which  they 
owed  their  origin  were  perfectly  dissimilar  from  those  now  in  operation. 
But  this  incongruity  may  be  the  result  of  subsequent  modifications,  since 
the  difference  of  rdatire  age  is  demonstrated  to  have  been  immense,  so 
that,  however  slow  and  insensible  the  change,  it  must  have  become 
important  in  the  course  of  so  many  ages.  In  addition  to  the  influence  of 
▼<rfcanis  heat,  we  must  allow  for  the  effect  of  mechanical  pressure,  of 
chemical  affinity,  of  percolation  by  mineral  waters,  of  permeation  by 
elastic  fluids,  and  the  action,  perhaps,  of  many  other  forces  less  under- 
stood, such  as  electricity  and  magnetism.  The  extreme  of  alteration 
which  may  thus  be  effected,  is  prohably  exemplifled  in  the  highly  crys- 
talline, or  granitiform,  strata,  to  which  the  name  of  primary  is  usually 
given ;  but  the  theory  of  their  origin  most  be  postponed  to  the  concluding 
chapters  of  the  fourth  Book. 

In  regard  to  the  signs  of  the  opraisusg,  sinking,  fracture^  and  contortien 
of  roci»,  it  is  evident  that  new  strata  cannot  be  shaken  by  earthquakes, 
enless  the  subjacent  rocks  are  also  affected ;  so  that  the  contrast  in  the 
rdattve  degiee  of  distniimnce  in  the  more  ancient  and  the  newer  strata,  is 
one  of  many  proofs  that  the  eonvulsions  have  happened  in  different  erasy 
and  the  fact  confirms  the  unifbnnity  of  the  action  of  subterranean  forces, 
instead  of  their  greater  violence  in  the  primeval  ages. 

Doeirint  (f  Umvtval  ArnMtffons.—- The  popular  doctrine  of  universal 
formations,  or  the  unlimited  geographical  extent  of  strata,  distinguished  ^ 
by  similar  mineral  characters,  appeared  for  a  long  time  to  present  insur* 
mountable  objections  to  the  supposition,  that  the  earth's  crust  had  been 
formed  by  causes  now  acting.  If  it  had  merely  been  assumed,  that  roeks 
originating  from  fusion  by  subterranean  fire  presented  in  all  parts  of  the 
globe  a  perfect  correspondence  in  their  mineral  composition,  the  assump* 
tioa  would  not  have  been  extravagant;  for,  as  the  dementary  substsnceo 
that  enter  largely  into  the  composition  of  rooks  are  few  in  nnmber,  they  ' 
may  be  expected  to  arrange  themselves  invariably  in  the  same  forms, 
whenever  the  elementary  particles  are  freely  exposed  to  the  action  of 
chemical  affinities.  But  when  it  was  imagined  that  sedimentary  mix- 
tures, including  animal  and  vegetable  remains,  and  evidently  formed  in 
the  beds  of  ancient  lakes  and  seas,  were  of  a  homogeneous  nature  through- 
out a  whole  hemisphere,  the  dogma  precluded  at  once  all  hope  of  recog- 
nising the  slightest  analogy  between  the  ancient  and  modern  causes  of 
decay  and  reproduction.  We  know  that  existing  rivers  carry  down  from 
different  mountain  chains  sediment  of  distinct  colours  and  composition : 
where  the  chains  are  near  the  sea,  coarse  sand  and  gravel  is  swept  in;  \ ^'' 
where  they  are  distant,  the  finest  mud.  We  know,  also,  that  the  matter  ' 
introduced  by  springs  into  lakes  and  seas  is  very  diversified  in  mineral 
composition  ;  in  short,  contemporaneous  strata  now  in  the  progress  of 
formation  are  greatly  varied  in  their  composition,  and  could  never  aflbrd 
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formations  of  homo^r^neouB  mineral  ingredients  co-extensive  with  the 
greater  part  of  the  earth's  surface. 

This  theory,  howeveri  is  in  truth  as  inapplicable  to  the  geological 
monuments  found  inihe  earth's  crust,  as  to  the  effects  of  existing  causes. 
Th^  first  investigators  of  sedimentary  rocks  had  never  reflected  on  the 
great  areas  occupied  by  the  modem  deltas  of  large  rivers ;  still  less  on 
\,  the  much  greater  areas  over  which  nMrine  currents,  preying  alike  on 
river-deltas,  and  continuous  lines  of  sea-coast,  diffuse  homogeneous  mix- 
tures. They  were  ignorant  of  the  vast  spaces  over  which  calcareous  and 
other  mineral  springs  abound  upon  the  land  and  in  Ae  sea,  especially  in 
and  near  volcanic  regions,  and  of  the  quantity  of  matter  discharged  by 
them.  When,  therefore,  they  ascertained  the  extent  of  the  geographic^ 
distribution  of  certain  groups  of  ancient  strata-^when  they  traced  thesi 
continuously  from  one  extremity  of  Europe  to  the  other,  and  found  them 
flanking,  throughout  their  entire  range,  great  mountain  chains,  they  were 
astonished  at  so  unexpected  a  discovery ;  and«  considering  themselves  at 
liberty  to  disregard  all  modem  analogy,  they  indulged  in  the  sweeping 
generalization,  that  the  law  of  continuity  prevailed  throughout  strata  of 
contemporaneous  origin  over  the  whole  planet  The  difficulty  of  dissi- 
pating this  delusion  was  extreme,  because  some  rocks,  formed  nnder 
similar  circumstances  at  different  epochs,  present  the  same  external  cba* 
racters,  and  often  the  same  internal  composition;  and  all  these  were 
assumed  to  be  contemporaneous  until  the  contrary  could  be  shown,  which, 
in  the  absence  of  evidence  derived  from  direct  superposition,  and  in  the 
scarcity  of  organic  remains,  was  oflen  impossible. 

Innumerable  other  false  generalizations  have  been  derived  from  the 
same  source ;  such,  for  instance,  as  tlie  former  universality  of  the  ocean, 
now  disproved  by  the  discovery  of  the  remains  of  terrestrial  vegetation  in 
strata  of  every  age,  even  the  most  ancient.  But  I  shall  dwell  no  longer 
on  exploded  errors,  but  proceed  at  once  to  contend  against  weightier 
objections,  which  will  require  more  attentive  consideration. 


CHAPTER   VI. 

rURTHBK  XXAMINATION  OF  TBS   QUBSTION  AS  TO  THE  PiSOORDAKOfi  OF  THX 

ANCIXNT  AND  MODBRN  CAUSES  OF  CHANGB. 

Pvooft  that  the  climate  of  the  Northeni  Hemiiphere  wu  formerly  hotter — Direet 
proofii  from  the  organic  remains  of  the  Sicilian  and  Italian  itiata — Proofii  from 
analogy  derived  from  extinct  Quadrupeds— Imbedding  of  animals  in  Icebergs — 
Siberian  Mammoths  (p.  100.) — ^Eridence  in  regard  to  temperatore,  from  the  fossils 
of  tertiary  and  secondary  rocks  (p.  108.) — From  the  Planti  of  the  Coal  formation — 
Northern  limit  of  these  fossils — ^Whether  such  plants  could  endure  the  long  con- 
tinuance of  an  arctic  night  (p.  110.) 

CHmate  of  the  Northern  Hemiiphtrt  formerly  hotter^^FuAT  the  dimate 
of  the  Northern  Hemisphere  has  undergone  an  important  change*  and 
that  its  mean  annual  temperature  must  once  have  resembled  that  now 
experienced  within  the  tropics,  was  the  opinion  of  some  of  th«  first  nata- 
falists  who  inirestigated  the  contents  of  the  ancient  strata.  Their  conjec- 
ture became  more  probable  when  the  sheUs  and  corals  of  the  secondary 
locks  were  more  carefully  examined;  for  these  organic  remains  were 
fonnd  to  be  intimately  connected  by  generic  affinity  with  species  now 
living  in  warmer  latitudes.  At  a  later  period,  many  reptiles,  such  as 
turtles,  tortoises,  and  large  saurian  animals,  were  discovered  in  European 
formations  in  great  abundance;  and  they  supplied  new  and  powerful 
arguments,  from  analogy,  in  support  of  the  doctrine,  that  the  heat  of  the 
elimato  had  been  great  when  our  secondary  strata  were  deposited. 
Lastly,  when  the  botanist  turned  his  attention  to  the  specific  determina^ 
tion  of  fossil  plants,  the  evidence  acquired  the  fullest  confirmation ;  for 
the  fiora  of  a  country  is  peculiarly  influenced  by  temperature:  and  the 
ancient  vegetation  of  the  earth  might,  more  readily  than  the  forms  of 
animals,  have  afforded  conflicting  proofs,  had  the  popular  theory  been 
without  foundation.  When  the  examination  of  animal  and  vegetable 
remains  was  extended  to  rocks  in  the  most  northern  parts  of  Europe  and 
North  America,  and  even  to  the  Arctic  regions,  indications  of  the  same 
revolution  in  climate  were  discovered. 

It  cannot  be  said,  that  in  this,  as  in  many  other  departments  of  geology, 
we  have  investigated  the  phenomena  of  former  eras,  and  neglected  those 
of  the  present  state  of  things.  On  the  contrary,  since  the  first  agitation 
of  this  interesting  question,  the  accessions  to  our  knowledge  of  living 
animals  and  plants  have  been  immense,  and  have  far  surpassed  all  the 
data  previously  obtained  for  generalizing,  conceminf  the  relation  of  eer- 
VoL.  I.— N 
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tain  types  of  organization  to  particular  climates.  The  tropical  and  tern* 
perate  zones  of  South  America  and  of  Australia  have  been  explored ;  and, 
on  close  comparison,  it  has  been  found,  that  scarcely  any  of  the  species 
of  the  animate  creation  in  these  eztensife  continents  are  identical  with 
those  inhabiting  the  old  world.  Yet  the  zoologist  and  botanist,  well  ac- 
quainted with  the  geographical  distribution  of  organic  beings  in  other 
parts  of  the  globe,  would  have  been  able,  if  distinct  groups  of  species  had 
been  presented  to  them  from  these  regions,  to  recognise  those  which  had 
been  collected  from  latitudes  within,  and  those  which  were  brought  from 
without  the  tropics* 

Before  I  attempt  to  explain  the  probable  causes  of  great  vicissitudes  of 
temperature  on  the  earth's  surface,  I  shall  take  a  rapid  view  of  some  of 
the  principal  data  which  appear  to  support  the  popular  opinions  now  en* 
tertained  on  the  subject.  To  insist  on  the  soundness  of  these  inferences, 
is  the  more  necessary,  because  some  zoologists  have  of  late  undertaken  to 
vindicate  the  uniformity  of  the  laws  of  nature,  not  by  accounting  for  former 
fluctuations  in  climate,  but  by  denying  the  value  of  the  evidence  in  their 
favour.* 

Direct  proof i  from  the  foenl  remains  of  living  speetct .-— It  is  not 
merely  by  reasoning  from  analogy  that  we  are  led  to  infer  a  diminution 
of  temperature  in  the  climate  of  Europe ;  there  are  direct  proofs  in  con- 
firmation of  the  same  doctrine,  in  the  only  countries  hitherto  investigated 
by  expert  geologists,  where  we  could  expect  to  meet  with  such  proofr. 
It  is  not  in  England  or  Northern  France,  but  around  the  borders  of  the 
Mediterranean,  from  the  South  of  Spain  to  Calabria,  and  in  the  islands  of 
the  Mediterranean,  that  we  must  look  for  conclusive  evidence  09  this 
question ;  for  it  is  not  in  strata  where  the  organic  remains  belong  to  ex* 
tinct  species,  but  where  living  species  abound  in  a  fossil  state,  that  a 
theory  of  climate  can  be  subjected  to  the  experimentum  cnicis.  In  Sicily, 
Ischia,  and  Calabria,  where  the  fossil  testacea  of  the  more  recent  strata 
belong  almost  entirely  to  species  now  inhabiting  the  Mediterranean,  the 
conchologist  remarks,  that  individuals  in  the  inland  deposits  often  exceed 
in  their  average  size  their  living  analogues,  as  if  the  circumstances  under 
which  they  formerly  lived  were  more  favourable  to  their  development. 
Yet  no  doubt  can  be  entertained  of  their  specific  identity  on  the  ground  of 
such  difference  in  their  dimensions ;  because  living  individuals  of  many 
of  these  species  still  attain,  in  warmer  latitudes,  the  average  size  of  the 
fossils. 

I  collected  several  hundred  species  of  shells  in  Sicily,  at  different  ele- 
vations, sometimes  from  one  thousand  to  three  thousand  feet  above  tlie 


*  See  two  articles  by  the  Rev.  Dr.  Fleming,  in  the  Edinburgh  New  Phil.  Joom. 
No.  zil.  p.  277,  April,  18S29;  and  No.  zv.  p.  66,  Jan.  1880. 
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level  of  the  sea;  and  forty  species  or  more  in  l8ehia«  partly  from  an  elera- 
lion  of  above  one  thousand  feet,  and  these  were  carefnlly  compared  with 
recent  shells  procured  by  Professor  O.  G.  Oosta,  from  the  Neapolitan 
Mas.  Not  only  were  the  fossil  species  for  the  most  part  identicid  with 
those  now  living,  but  the  relative  abundance  in  which  different  species 
occur  in  the  strata  and  in  the  sea  corresponds  in  a  remaiisable  manner. 
Yet  the  larger  average  size  of  the  fossil  individuals  of  many  species  was 
▼ery  striking.  A  comparison  of  the  fossil  shells  of  the  more  modem 
strata  of  Calabria  and  Otranto,  in  the  collection  of  Professor  Costa,  afforded 
similar  results. 

As  we  proceed  northwards  in  the  Italian  peninsula,  and  pass  from  the 
region  of  active  to  that  of  extinct  volcanos,  we  find  the  assemblage  of 
fossil  shells,  in  the  modem  (Subapennine)  strata,  to  depart  somewhat 
more  widely  from  the  type  of  the  neighbouring  seas.  The  proportion  of 
species  identifiable  with  those  now  living  in  the  Mediterranean  is  still 
considerable ;  but  it  no  longer  predominates,  as  in  the  South  of  Italy,  over 
the  unknown  species.  Although  occurring  in  localities  which  are  re- 
moved several  degrees  farther  from  the  equator  (as  at  Sienna,  Parma, 
Asti,  &c.),  the  shells  yield  clear  indications  of  a  hotter  climate.  Many 
of  them  are  common  to  the  Subapennine  hills,  to  the  Mediterranean,  and 
to  the  Indian  Ocean.  Those  in  the  fossil  state,  and  their  living  analogues 
from  the  tropics,  correspond  in  size ;  whereas  the  individuals  of  the  same 
species  from  the  Mediterranean  are  dwarfish,  and  appear  degenerate,  and 
stunted  in  their  growth,  for  want  of  conditions  which  the  Indian  Ocean 
still  supplies.* 

This  evidence  is  of  grAit  weight,  and  is  not  neutralized  by  any  facts  of 
a  conflicting  character;  such,  for  instance,  as  the  association,  in^the  same 
group,  of  individuals  referable  to  species  now  confined  to  arctic  regions. 
Whenever  any  of  the  fossil  shells  are  identified  with  living  species  foreign 
to  the  Mediterranean,  it  is  not  in  the  Northern  Ocean,  but  between  the 
tropics,  thkt  they  must  be  sought  :t  on  the  other  hand,  the  associated  un- 
known  species  belong,  for  the  most  part,  to  genera  which  are  now  most 

*  FrofeMors  Guidotti  of  Parma,  and  Bonelli  of  Taiin,  pointed  out  to  me,  in  1828, 
many  examples  in  confirmation  of  this  point :  thus  the  common  Orthoeeras  of  the 
Mediterranean  y  (0.  raphanista,)  was  said  to  attain  larger  average  dimensions  in  a 
fossil,  than  in  a  recent  state. 

t  Thus,  for  example,  Rostellaria  curvirostris,  found  fossil  by  Signor  Bonelli  near 
Turin,  is  only  known  at  present  in  the  Red  Sea.  Murex  comutus,  fossil  at  Asti,  is 
now  only  known  recent  in  warmer  latitudes ;  Senegal  being  the  principal  known 
habitat  at  present.  Conus  antediluvianus  cannot  be  distinguished  from  a  shell  now 
brought  from  Owhyhee.  Among  other  familiar  instances  mentioned  to  me  by  Italian 
naturalists,  in  confirmation  of  the  same  point,  Buccinum  clathratum.  Lam.,  was 
cited  ;  but  Professor  Costa  assured  me  that  this  shell,  although  extremely  raxe,  still 
occurs  in  the  Mediterranean.  M.  Deshayes  informs  me  that  he  has  received  it  from 
the  Indies. 
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largely  dereloped  in  equinoctial  regions,  as,  for  example,  the  geiien 
Pleurotoma  and  Cyprsa.* 

On  comparing  the  fossils  of  the  tertiary  deposits  of  Paris  and  Londoa 
with  those  of  Bordeaux,  and  these  again  with  the  more  modem  strata  of 
Sicily,  we  should  at  first  expect  that  they  would  each  indicate  a  higfasr 
temperature  in  proportion  as  they  are  situated  farther  to  the  south.  But 
the  contrary  is  true ;  many  shells  are  common  to  all  these  groups,  and 
some  of  them,  both  freshwater  and  marine,  are  of  species  still  liTing. 
Those  found  in  the  older,  or  Eocene,  deposits  of  Paris  and  London, 
although  six  or  seven  degrees  to  the  north  of  the  Miocene  strata  at  Boi^ 
deaux,  afford  evidence  of  a  warmer  climate;  while  those  of  Bordesnx 
imply  that  the  sea  in  which  they  lived  was  of  a  higher  temperature  than 
that  of  Sicily,  where  the  shelly  strata  were  formed  six  or  seven  degress 
nearer  to  the  equator.  In  these  cases  the  greater  antiquity  of  the  several  for- 
mations (the  Parisian  being  the  oldest  and  the  Sicilian  the  newest)  has  moie 
than  counterbalanced  the  influence  which  latitude  would  otherwise  exerts 
and  this  phenomenon  clearly  points  to  a^radual  refrigeration  of  climale. 

Siberian  Mammoths ^^-In  the  superficial  deposits  of  sand,  gravel,  and 
loam,  strewed  very  generally  ever  all  parts  of  Europe,  the  remains  of  ex* 
tinct  species  of  land  quadrupeds  have  been  found,  especially  in  plaets 
where  the  alluvial  matter  appears  to  have  been  washed  into  small  lakes, 
or  into  depressions  in  the  plains  bordering  ancient  rivers.  Similar  de- 
posits have  also  been  lodged  in  rents  and  caverns  of  rocks,  where  they 
may  have  been  swept  in  by  land  floods,  or  introduced  by  engulphed  rivers 
during  changes  in  the  physical  geography  of  countries.  The  various  cii^ 
cumstances  under  which  the  bones  of  animals  have  been  thus  preserved 
will  be  more  fully  considered  hereafter  ;t  I  shall  only  state  here,  that 
among  the  extinct  mamalia  thus  entombed,  we  find  species  of  the  elephant, 
rhinoceros,  hippopotamus,  bear,  hysna,  lion,  tiger,  and  many  others ; 
consisting  for  the  most  part  of  genera  now  confined  to  warmer  regions. 


FijT.  1. 


*  Of  the  genas  Pleurotoma  a  very  few  living  repreientativef 
have  yet  been  found  in  the  Mediterranean;  yet  no  leM  than 
twenty-five  apecies  were  to  be  leen  in  the  muaeum  at  Turin,  in 
1838,  all  procured  by  Professor  Bonelli  from  the  Subapennine 
strata  of  northern  Italy.  The  genus  Cypr»  is  represented  by 
many  large  fossil  species  in  the  Subapennine  hills. 


Pleurotoma  rotata.     Syhapennine  hills,  Italy. (a) 

t  Book  iii.  chaps.  14, 15,  &c. 
(«)  For  aaoUier  Agure  of  Uik  spaeiei,  aad  of  P.  vtdfevU,  m«  Vol.  II.  plaM  X. 
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It  has  been  iDferred  that  the  same  change  of  climate  which  has  eamed 
certain  Indian  species  of  testacea  to  become  raro»  or  to  degenerate  in  sise« 
or  to  disappear  from  the  Mediterranean,-— and  certain  genera  of  the  Sab- 
apennine  hills,  now  exclusively  tropical,  to  retain  no  longer  any  repre- 
sentatives in  the  adjoining  seas,— -may  also  have  contribnted  to  the 
annihilation  of  the  mammiferoas  genera  which  formerly  inhabited  the 
continents.  It  is  certainly  probable  that,  when  these  animals  abounded 
in  Europe,  the  climate  was  milder  than  that  now  experienced,  but  they 
by  too  means  appear  to  have  required  a  tropical  heat  The  hippopotamus 
is  now  only  met  with  in  rivers  where  the  temperature  of  Uie  water  is 
warm  and  nearly  uniform,  but  the  great  fossil  species  of  the  same  genus 
{H»  mq/or^  Cuv.)  certainly  inhabited  England  when  the  testacea  of  our 
country  were  nearly  the  same  as  those  now  existing,  and  when  the  cli- 
mate cannot  be  supposed  to  have  been  very  hot.  The  bones  of  this 
animal  have  lately  been  found  by  Mr.  Strickland,  together  with  those  of 
a  bear  and  other  mammalia,  at  Gropthorn,  near  Evesham,  in  Worcester- 
shire, in  alluvial  sand,  together  with  twenty-three  species  of  terrestrial 
and  freshwater  shells,  all,  with  two  exceptions,  of  British  species.  The 
bed  of  sand,  containing  the  shells  and  bones,  reposes  on  lias,  and  is 
covered  with  alternating  strata  of  gravel,  sand  and  loam.* 

The  mammoth  also  appears  to  have  existed  in  England  when  the  tem- 
perature of  our  latitudes  could  not  have  been  very  different  from  that  which 
now  prevails ;  for  remains  of  this  animal  have  been  found  at  North  Cliff, 
in  the  county  of  York,  in  a  lacustrine  formation,  in  which  all  the  land  and 
fresh  water  shells,  thirteen  in  number,  can  be  identified  with  species 
and  varieties  now  existing  in  that  country.  Bones  of  the  bison  also,  an 
animal  now  inhabiting  a  cold  or  temperate  climate,  have  been  found  in 
the  same  place.  That  these  quadrupeds,  and  the  indigenous  species  of  tes- 
tacea associated  with  them,  were  all  contemporary  inhabitants  of  York- 
shire, has  been  established  by  unequivocal  proof.  The  Reverend  W.  Y. 
Vernon  Harcourt  caused  a  pit  to  be  sunk  to  the  depth  of  twenty-two  feet 
through  undisturbed  strata,  in  which  the  remains  of  the  mammoth  were 
found  imbedded,  together  with  the  shells,  in  a  deposit,  which  had  evi- 
dently resulted  from  tranquil  waters.t 

When  reasoning  on  these  phenomena,  the  reader  must  always  bear  in 
mind  that  the  fo8silindividualsbelongedto«ped6«of  elephant,  rhinoceros, 
hippopotamus,  bear,  tiger  and  hyaena,  distinct  from  those  which  now  dwell 
within  or  near  the  tropics.  Dr.  Fleming,  in  a  discussion  on  this  subject, 
has  well  remarked  that  a  near  resemblance  in  form  and  osteological  structure 
is  not  always  followed,  in  the  existing  creation,  by  a  similarity  of  geo- 
graphical distribution ;  and  we  must  tlierefore  be  on  our  guard  against 
deciding  too  confidently,  from  mere  analogy  of  anatomical  structure,  respect- 

*  Geol.  Proceedings,  No.  36.  Jnna,  1834. 
f  Phil.  Mag.,  Sept.  ISX>  and  Jan  1830. 
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ingrtlM  4iabili  and  phytiologieal  peculianties  of  fp6ciei«^iiow  no  -more. 
**The:B6bff«ideligfat0  to  roam  over  Ahe  tropical  plaina,  to  vhichit  i«  iat 
gveat  jmeature  drettrioted ;  mkile  tbe  lion e  can  maintain  ila  oaEislencfi 
throughout  an  lodand  iwtnter.  The  buffalo*  like  ihe  zebra,  pnefera  «  Ufk 
tanperature,  and  eannol  thrive  ^evsen' where  the  ^aommon  ox  proapeiii 
The  mnsk  ox,  on  the  other  hand,  though  nearly  resembling  the  bufiaki, 
\i  prafen  theattnted  herbage ofthearoticiegiona*  and  it  able,  bj  itapeiiodical 
migrationa,  lo  outlive  the  northern  winter.  The  jackal  {Canis  uumu) 
mhabila  Africa,  che  warmer  parte  of  Aeia,  and  Greece  ;  while  the  iaalii 
{Cams  lagoptta)  resides  in  the  Arctic  regions.  The  African  liare  aod  the 
polar  hare  have  their  geographical  distribution  expressed  in  their  trivial 
names  ;"*  and  difierent  apedes  of  bears  thrive  in  tropical,  temperatOy  ui 
arctic  latitudes. 

Recent  investigations  have  placed  beyend  all  doubt  the  imp<Nnanl  fact 
that  a  species  of  tiger,  identical  with  that  of  B«igal,  is  common  in  the 
f  neighbourhood  of  Lake  Aral,  near  Sossac,  in  the  forty-fifth  degree  of  north 
latitude ;  and  from  time  to  time  this  animal  is  now  seen  in  Siberia,  in  a  lati- 
tude as  far  north  as  the  parallel  of  Berlin  and  Hamburg.!  Humboldt  reaarfci 
that  the  part  of  southern  Asia  now  inhabited  by  this  Indian  speciea  of  tiger 
is  separated  from  the  Himalaya  by  two  great  chains  of  mountain*,  each 
eevered  with  perpetual  snow, — the  chain  of  Kuenlun,  Iat.  35^  N.p  and 
that  of  Mouztagh,  Iat.  42"^, — so  that  it  is  impossible  that  these  aniasali 
should  merely  have  made  ezoursaons  from  India,  so  as  to  have  penetnlsd 
in  the  summer  to  the  forty-eighth  and  fifty-third  degrees  of  north  latitnde. 
They  must  remain  all  the  winter  north  of  the  Mouztagh,  or  Celestial  Moon* 
tains.  The  last  tiger  killed,  in  1828,  on  the  Lena,  in  Iat.  62^%  was  in  a 
climate  colder  than  that  of  Petersburg  and  Stockholm4 

We  learn  from  Mr.  Hodgson's  account  of  the  mammalia  of  Nepal,  that 
the  tiger  is  sometimes  found  at  the  very  edge  of  perpetual  snow  in  ths 
Himalaya  ;§  and  Pennant  mentions  that  it  is  found  among  the  anowa  of 
Mount  Ararat  in  Armenia. 

A  new  species  also  of  panther  (Felia  irbis)^  covered  with  long  hair,  has 
been  discovered  in  Siberia,  evidently  inhabiting,  like  the  tiger,  a  vegion 
north  of  the  Celestial  Mountains,  which  are  in  Iat.  42°. || 

The  two-horned  African  rhinoceros  occurs  without  the  tropics  at  the 
Cape  of  Good  Hope,  in  Iat.  34°  29'  S.,  where  it  is  accompanied  by  the 
elephant,  hippopotamus,  and  hyiena.  Here  the  migration  of  all  these 
species  towards  the  south  is  arrested  by  the  ocean ;  but  if  the  coutiaent 

•  Fleming,  Ed.  New  Phil.  Jouni.,  No.  12,  p.  282.    1829. 

t  Hatnboldt,  Fragmens  de  O^ologie,  Sm,  tome  ii.  p.  388.   Ehrenbeig,  Ann.  det 
Bci.  Nat.,  tome  xxi.  p.  387. 
t  Ehrenberg,  ibid.  p.  390. 
§  Journ.  of  Asiat.  Soc.,  toI.  i.  p.  240. 
II  Ehienberg,  ibid. 
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had  been  prolonged  still  farther,  and  the  land  had  been  of  moderate  eleva- 
tion, it  18  very  probable  that  they  might  have  extended  their  range  to  a 
greater  distance  from  the  tropics. 

Now,  if  the  Indian  tiger  can  range  in  our  own  times  to  the  southern 
borders  of  Siberia,  or  skirt  the  snows  of  the  Himalaya,  .we  may  easily 
imagine  that  large  species  of  the  same  genus  may  once  have  inhabited  our 
temperate  climates.  The  mammoth  {£.  primigenius)^  already  alluded 
to  as  occurring  fossil  in  England,  was  decidedly  different  from  the  two  ex- 
isting species  of  elephants,  one  of  which  is  limited  to  Asia,  south  of  the 
31°  of  N.  lat,,  the  other  to  Africa,  where  it  extends,  m  before  stated,  as 
far  south  as  the  Cape  of  Good  Hope.  The  bones  of  the  great  fossil  species 
are  very  widely  spread  over  Europe  and  North  America;  but  are  nowhere 
in  such  profusion  as  in  Siberia,  particularly  near  the  shores  of  the  frozen 
ocean.  Are  we,  then,  to  conclude  that  this  animal  preferred  a  polar 
climate?  If  so,  by  what  food  was  it  sustained,  and  why  does  it  not  still 
nirvive  near  the  arctic  circle  ? 

Pallas  and  other  writers  describe  the  bones  of  the  mammoth  as  abound- 
ing throughout  all  the  Lowland  of  Siberia,  stretching  in  a  direction  west 
ind  east^  Oomithe  borders  of  Europe  to  the  extreme  point  nearest  Ame- 
rica, and  south  and  north,  from  the  base  of  the  mountains  of  central  Asia 
to  the  shores  of  the  Arctic  sea.  (See  Map,  fig.  2,  p.  104.)  Within  this 
ipace,  scarcely  inferior  in  area  to  the  whole  of  Europe,  fossil  ivory  has  been 
^llected  almost  every  where,  on  the  banks  of  the  Irtish,  Oby,  Yenesei, 
[jona,  and  other  rivers.  The  elephantine  remains  do  not  occur  in  the 
narshes  and  low  plains,  but  where  the  banks  of  the  rivers  present  lofty 
)recipices  of  sand  and  clay  ;  from  which  circumstance  Pallas  very  justly 
nferred  that,  if  sections  could  be  obtained,  similar  bones  might  be  found 
n  all  the  elevated  lands  intervening  between  the  great  rivers.  Strahlen- 
)erg,  indeed,  had  stated,  before  the  time  of  Pallas,  that  wherever  any  of 
he  great  rivers  overflowed  and  cut  out  freeh  channels  during  floods, 
nore  fossil  remains  of  the  same  kind  were  invariably  disclosed. 

As  to  the  position  of  the  bones,  Pallas  found  them  in  some  places  im- 
)edded  together  with  marine  remains ;  in  others,  simply  with  fossil  wood, 
>r  lignite,  such,  as  he  says,  might  have  been  derived  from  carbonized 
)eat.  On  the  banks  of  the  Yenesei,  below  the  city  of  Krasnojarsk,  in 
at.  56°,  he  observed  grinders,  and  bones  of  elephants,  in  strata  of  yellow 
ind  red  loam,  alternating  with  course  sand  and  gravel,  in  which  was  also 
Quch  petrified  wood  of  the  willow  and  other  trees.  Neither  here  nor  in 
he  neighbouring  country  were  there  any  marine  shells,  but  merely  layers 
if  black  coal.*  But  grinders  of  the  mainnoth  were  collected  much  far- 
her  down  the  same  river,  near  the  sea,  in  lat.  70°,  mixed  with  marine 
petrifactions.!    Many  other  places  in  Siberia  are  cited  by  Pallas,  where 

*  Pallas,  Reiie  in  Robs.  Reiohe,  pp.  409,  410. 
t  Nov.  Com.  Petrop.  vol.  17,  p.  584. 
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sea-shells  and  fishes'  teeth  accompany  the  bones  of  the  mammoth,  rhino- 
ceros, and  Siberian  buffalo,  or  bison  (Boa  prUcua).  But  it  is  not  on  the 
Oby  nor  the  Yenesei,  but  on  the  Lena,  farther  to  the  east,  where,  in  the 
same  parallels  of  latitude,  the  cold  is  far  more  intense,  that  fossil  remains 
have  been  found  in  the  most  wonderful  state  of  preservation.  In  1772, 
Pallas  obtained  from  Wiljuiskoi,  in  lat.  64°,  from  the  banks  of  thQ  Wil- 
jui,  a  tributary  of  the  Lena,  the  carcass  of  a  rhinoceros  {R.  iichorhinua), 
taken  from  the  sand,  in  which  it  must  have  remained  congealed  for  age^, 
the  soil  of  that  region  being  always  frozen  to  within  a  slight  depth  of  the 
surface.  This  carcass  was  compared  to  a  natural  mummy,  and  emitted  an 
odour  like  putrid  flesh,  part  of  the  skin  being  still  covered  with  black  and 
gray  hairs.  So  rgreat,  indeed,  was  the  quantity  of  hair  on  the  foot  and 
head  conveyed  to  Sl  Petersburg,  that  Pallas  asked  whether  the  rhinoce- 
ros of  the  Lena  might  not  have  been  an  inhabitant  of  the  temperate 
regions  of  middle  Asia,  its  clothing  being  so  much  warmer  than  that  of 
the  African  rhinoceros.* 

After  more  than  thirty  years,  the  entire  carcass  of  a  mammoth  (or 
extinct  species  of  elephant)  was  obtained  in  1803,  by  Mr.  Adams,  much  1 
farther  to  the  north.  It  fell  from  a  mass  of  ice,  in  which  it  had  been 
encased,  on  the  banks  of  the  Lena,  in  laL  70° ;  and  so  perfectly  had  the 
sofi  parts  of  the  carcass  been  preserved,  that  the  flesh,  as  it  lay,  was 
devoured  by  wolves  and  bears.  This  skeleton  is  still  in  the  museum  of 
St.  Petersburg,  the  head  retaining  its  integument  and  many  of  the  liga- 
ments entire.  The  skin  of  the  animal  was  covered,  first,  with  black 
bristles,  thicker  than  horse  hair,  from  twelve  to  sixteen  inches  in  length ; 
secondly,  with  hair  of  a  reddish  brown  colour,  about  four  inches  long; 
and  thirdly,  with  wool  of  the  same  colour  as  the  hair,  about  an  inch  in 
length.  Of  the  fur,  upwards  of  thirty  pounds  weight  were  gathered  from 
the  wet  sand  bank.  The  individual  was  nine  feet  high  and  sixteen  feet 
long,  without  reckoning  the  large  curved  tusks ;  a  size  rarely  surpassed 
by  the  largest  living  male  elephants.t 

It  is  evident,  then,  that  the  mammoth,  instead  of  being  naked,  like  the 
living  Indian  and  African  elephants,  was  enveloped  in  a  thick  shaggy 
covering  of  fur,  probably  as  impenetrable  to  rain  and  cold  as  that  of  the 
musk  0x4    The  species  may  have  been  fitted  by  nature  to  withstand  the 

•  Nov.  Com.  Petrop.  vol.  17,  p.  591. 

i  Journal  du  Nord,  St.  Petersburg,  1807. 

t  Fleming,  Ed.  New  Phil.  Journ.,  No.  zii.  p.  285. 

Bishop  Heber  informs  us  (Narr.  of  a  Journey  throuj^h  the  Upper  Provinces  of 
India,  vol.  ii.  p.  16G — 219),  that  in  the  lower  range  of  the  Himalaya  mountains, 
in  the  north-eastern  borders  of  the  Delhi  territory,  between  lat.  29^  and  30®,  he  saw 
an  Indian  elephant  of  a  small  size,  covered  with  shaggy  hair.  But  this  variety  must 
be  exceedingly  rare ;  for  Mr.  Royle  (late  superintendant  of  the  East  India  Com- 
pany's Botanic  Garden  at  Saharunpore)  has  assured  me,  that  being  in  India  when 
Heber's  Journal  appeared,  and  having  never  seen  or  heard  of  such  elephants,  he 
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vicissitudes  of  a  northern  climate;  and  It  is  certain  that,  fton  thk 
moment  wheil  the  carcasses,  both  of  the  rhinocerbs  and  elephant,  AbM 
described,  were  buried  in  Siberia,  in  latitudes  04°  and  70^  N*,  the  soil 
must  have  remained  frozen,  and  the  atmosphere  nearly  as  e6ld  aa  it 
this  day. 

So.  fresh  is  the  ivory  throughout  northern  Russia,  that,  aeeordliif  ti 
Tilesius,  thousands  of  fossil  tusks  have  been  collected  and  need  in  tuia* 
ing;  yet  others  are  still  procured  and  sold  in  great  plenty.  He  diedam 
his  belief  that  the  bones  still  left  in  northern  Russia  must  greatly  ezeesd 
in  number  all  the  elephants  now  living  on  the  globe. 

We  are  as  yet  ignorant  of  the  entire  geographical  range  of  the  maa- 
moth ;  but  its  remains  have  recently  been  collected  fVom*  cliffs  of  frozen 
mud  and  ice  on  the  east  side  of  Behring*s  Straits,  in  Eschseholtz*s  fiaj^ 
in  Russian  America,  lat.  66°  N.  As  the  cliffs  waste  away  by  the  thaw- 
ing of  the  ice,  tusks  and  bones  fall  out,  and  a  strong  odour  of  animal 
matter  is  exhaled  from  the  mud.* 

On  considering  all  the  facts  above  enumerated,  it  seems  reasonable  to 
imagine  that  a  large  region  in  central  Asia,  including,  perhape,  the 
southern  half  of  Siberia,  enjoyed,  at  no  very  remote  period  in  the  earth's 
history,  a  temperate  climate,  sufficiently  mild  to  afford  food  for  large 
herds  of  elephants  and  rhinoceroses,  of  species  distinct  from  those  now 
living.  At  the  time  to  which  these  speculations  refer,  the  Jjowland  of 
Siberia' was  probably  less  extensive  towards  the  north  than  It  is  now ;  iNit 
the  existing  rivers,  though  of  inferior  length,  may  have  flowed  from  tooth 
to  north,  as  at  present,  and,  during  inundations,  may  have  swept  the  eai^ 
casses  of  drowned  animals  into  lakes,  or  the  sea,  as  do  the  Nile,  Ganges, 
and  other  rivers  in  our  own  time.t 

In  Siberia  all  the  principal  rivers  are  liable,  like  the  Mackenzie,  in 
North  America,  to  remarkable  floods,  in  consequence  of  flowing  In  a 
direction  from  south  to  north ;  for  they  are  flUed  with  running  water  In 
their  upper  course  when  completely  frozen  over  for  several  hundred  miles 

made  the  itricteit  inqoiriei  respecting  the  fact,  and  was  never  able  to  obtain  anj 
evidence  in  corroboration.  Mr.  Royle  resided  at  Sahamnpore,  lat  30^  N.  upon  tk§ 
extreme  northern  Umit  of  the  range  of  the  elephant.  Mr.  Everest  also  declares  that 
he  has  been  equally  unsuccessful  in  finding  any  one  aware  of  the  existence  of  soeh 
a  variety  or  breed  of  the  animal,  though  one  solitary  individual  was  mentioned  to 
him  as  having  been  seen  at  Delhi,  with  a  good  deal  of  long  hair  upon  it.  The 
greatest  elevation,  says  Mr.  E.,  at  which  the  wild  elephant  is  found  in  the  mountains 
to  the  north  of  Bengal,  is  at  a  place  called  Nahun,  about  4000  feet  above  the  level 
of  the  sea,  and  in  the  3lst  degree  of  N.  lat,  where  the  mean  yearly  temperature 
may  be  about  64 <'  Farenheit,  and  the  difference  between  winter  and  summer  very 
great,  equal  to  about  36^  F.,  the  month  of  January  averaging  45^,  and  June,  tLie 
hottest  month,  81"  F.  (Everest  on  Climate  of  Foss.  Eleph.,  Journ.  of  Aslat  Soe., 
No.  25,  p.  21.) 

*  See  Dr.  Buekland*s  description  of  these  bones,  Appen.  to  Beechey*s  Voy. 

t  See  Book  iii.  chaps,  zv.  and  xvi. 
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near  their  mouths.  (8ee  Map,  p,  104.)  Here  they  reiqaiD  blocked  up 
by  ice  for  six  months  Ui  every  year,  an^  the  descendiug  waters,  fiudiug 
Qo  open  channel,  rush  over  the  ice,  often  changing  their  direction,  and 
sweeping  along  forests  and  prodigious  quantities  of  soil  and  gravel  mixed 
with  ice.  The  rivers  of  this  great  country  are  among  the  largest  in  the 
world,  the  Yenesei  having  a  course  of  2500,  the  Lena  of  2000  miles ;  so 
that  we  may  easily  conceive  that  the  bodies  of  animals  which  fall  into 
their  waters  may  be  transported  to  vast  distances  towards  the  arctic  sea, 
and,  before  arriving  there,  may  be  stranded  upon  and  ohen  frozen  into 
thick  ice,  and  afterwards,  when  the  ice  breaks  up,  be  floated  still  farther 
towards  the  ocean,  until  at  length  they  become  buried  in  fluviatile  and 
submarine  deposits  near  the  mouths  of  rivers. 

Humboldt  remarks  that  near  the  mouths  of  the  Lena  a  considerable 
tliickness  of  frozen  soil  may  be  found  at  all  seasons  at  the  depth  of  a  few 
feet ;  so  that  if  a  carcass  be  once  imbedded  in  mud  in  such  a  region  and 
in  such  a  climate,  its  putrefaction  may  be  arrested  for  indefinite  ages.* 

It  would  doubtless  be  ioipossible  for  herds  of  mamoioths  and  rhinoce- 
roses to  obtain  subsistence  at  present,  even  in  the  southern  part  of 
Siberia,  covered  as  it  is  during  a  great  part  of  the  year  with  snow :  but 
there  is  no  difficulty  in  supposing  a  vegetation  capable  of  nourishing 
these  great  quadrupeds  to  have  once  flourished  between  the  latitudes  40^ 
and  60^  N.,  resembling  perhaps  that  of  England ;  for  we  have  seen  that 
there  are  proofs  of  the  mammoth  having  co-existed  with  a  large  propor- 
tion of  the  living  species  of  British  testacea. 

It  has  been  well  observed  by  Dr.  Fleming,  that  '*the  kind  of  food 
which  the  existing  species  of  elephant  prefers  will  not  enable  us  to  deter- 
mine, or  even  to  ofier  a  probaUe  conjecture,  concerning  that  of  ther 
extinct  species.  No  one  acquaint^  with  the  gramineous  character  of 
the  food  of  our  fallow-deer,  stag,  or  roe,  would  have  assigned  a  lichen  to. 
the  rein-deer." 

Travellers  mention  that,  even  now,  when  the  clipiate  of  eastern  Asia 
is  so  much  colder  tlian  the  same  parallels  of  latitude  farth^  west,  there 
are  woods  not  only  of  fir,  but  of  birch,  poplar,  and  alder  on  the  banks  of 
the  Lena  as  far  north  as  latitude  6Q^.  Formerly,  when  the  arctic  lands 
were  less  extensive,  the  temperature  of  the  winter  and  summer  may  have 
been  more  nearly  equalized,  and  the  increasing  severity  of  the  winters, 
rather  than  a  diminution  of  the  mean  annual  temperature,  may  have  been 
the  chief  cause  of  the  extermination  of  the  mammoth.  It  is  probable 
that  the  refrigeration  of  the  climate  of  north-eastern  Asia  was  accom- 
panied, and  in  a  great  measure  caused,  by  changes  in  its  physical 
geography.  The  whole  country,  from  the  mountains  to  the  sea,  may 
have  been  upraised  by  a  movement  similar  to  that  which  is  now  expe- 

*  Hamboklt,  Frmgmens  Asiatiqnet,  tow.  ii.  p.  393. 
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rienced  in  part  of  Sweden ;  and  ns  the  shores  of  the  Gnlph  of  Bothnit 
are  extended  not  only  by  the  influx  of  sediment  brought  down  by  riTen, 
but  also  by  the  elevation  and  consequent  drying  up  of  the  bed  of  the  set, 
so  a  si  miliar  combination  of  causes  may  have  extended  the  low  tract  of 
land  where  marine  shells  and  fossil  bones  now  occur  in  Siberia. 

It  has  been  suggested,  that  as,  iu  our  own  times,  the  northern  animalf 
migrate,  so  the  Siberian  elephant  and  rhinoceros  may  have  wandered 
towards  the  north  in  summer.  The  musk  oxen  annually  desert  their 
winter-quarters  in  the  south,  and  cross  the  sea  upon  the  ice,  to  graze  for 
four  months,  from  May  to  September,  on  the  rich  pasturage  of  Melville 
Island,  in  lat  75^.  The  mammoths,  without  passing  so  far  beyond  the 
arctic  circle,  may  nevertheless  have  made  excursions,  during  the  heat  of 
a  brief  northern  summer,  from  the  central  or  temperate  parts  of  Asia  to 
the  sixtieth  parallel  of  latitude;  in  which  case  the  carcasses  of  soeh  u 
were  drowned,  or  overwhelmed  by  drift  snow,  may  have  been  huiried 
down  into  the  polar  sea,  and  imbedded  in  the  deposits  there  accumalatiag. 

I  have  been  informed  by  Dr.  Richardson,  that  in  the  northern  parts  of 
America,  comprising  regions  now  inhabited  by  many  herbivorous  quad- 
rupeds, the  drill  snow  is  often  converted  into  permanent  glaciers.  It  b 
commonly  blown  over  the  edges  of  steep  clifls,  so  as  to  form  an  inclined 
talus  hundreds  of  feet  high ;  and  when  a  thaw  commences,  torrents  rush 
from  the  land,  and  throw  down  from  the  top  of  the  clifl*  alluvial  soil  and 
gravel.  This  new  soil  soon  becomes  covered  with  vegetation,  and  pro- 
tects the  foundation  of  snow  from  the  rays  of  the  sun.  Water  occasionally 
penetrates  into  the  crevices  and  pores  of  the  snow ;  but,  as  it  soon  freeies 
again,  it  serves  the  more  rapidly  to  consolidate  the  mass  into  a  compact 
iceberg.  It  may  sometimes  happen  that  cattle  grazing  in  a  valley  at  the 
base  of  such  clifls,  on  the  borders  of  a  sea  or  river,  may  be  overwhelmed, 
and  at  length  inclosed  in  solid  ice,  and  then  transported  towards  the  polar 
regions. 

The  result  of  these  investigations,  therefore,  may  lead  us  to  conclude 
that  the  mammoth,  and  some  other  extinct  quadrupeds  fitted  to  live  in 
high  latitudes,  were  inhabitants  of  northern  Asia  at  a  time  when  the  cli- 
mate was  milder,  and  more  uniform,  than  at  present.  Their  extermina- 
tion was  probably  connected  with  changes  in  the  physical  geography 
of  the  arctic  regions,  of  which  I  shall  consider  the  eflccts  in  the  next 
chapter. 

Change  of  climate  proved  by  fossils  in  older  strata, — If  we  pass  from 
the  consideration  of  these  more  modem  deposits,  whether  of  marine  or 
continental  origin,  in  which  existing  species  are  abundantly  intermixed 
with  the  extinct,  to  the  older  tertiary  strata,  we  can  only  reason  from 
analogy;  since  none  of  the  species  of-  vertebrated  animals,  and  scarcely 
any  of  the  testacea  of  those  formations,  are  identifiable  with  species 
now  in  being.     In  the  deposits  of  that  more  remote  period,  we  find  the 
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remains  of  many  animals  analogous  to  those  of  hot  climates,  such  as  the 
crocodile,  turtle,  and  tortoise,  together  with  many  large  shells  of  the  genus 
nautilus,  and  plants  indicating  such  a  temperature  as  is  now  found  along 
tlie  southern  borders  of  the  Mediterranean. 

A  great  interval  of  time  appears  to  have  elapsed  between  the  formation 
of  the  secondary  strata,  which  constitute  the  principal  portion  of  the 
elevated  land  in  Europe,  and  the  origin  of  the  last^mentioned  Eocene 
deposits.  In  that  great  series  of  secondary  rocks,  many  distinct  assem- 
blages of  organized  fossils  are  entombed,  all  of  unknown  species,  and 
many  of  them  referable  to  genera  and  families  now  most  abundant 
between  the  tropics.  Among  the  most  remarkable  are  many  gigantic 
reptiles,  some  of  them  herbivorous,  others  carnivorous,  and  far  exceeding 
in  size  any  now  known  even  in  the  torrid  zone.  The  genera  are  for 
the  most  p^rt  extinct,  but  some  of  them,  as  the  crocodile  and  monitor, 
have  still  representatives  in  the  warmer  parts  of  the  earth.  Coral  reefs 
also  were  evidently  numerous  in  the  seas  of  the  same  periodsr  and  com- 
posed of  species  belonging  to  genera  now  characteristic  of  a  tropical 
climate.  The  number  of  very  large  chambered  shells  also  leads  us  to 
infer  an  elevated  temperature ;  and  the  associated  fossil  plants,  although 
imperfectly  known,  tend  to  the  same  conclusion,  the  Cycadese  constituting 
the  most  numerous  family. 

But  it  is  from  the  more  ancient  coal  deposits  that  the  most  extraordi- 
nary evidence  has  been  supplied  in  proof  of  the  former  existence  of  an 
extremely  hot  climate  in  those  latitudes  which  are  now  the  temperate  and 
colder  regions  of  the  globe.  It  appears  frpm  the  fossils  of  the  carboni- 
ferous period,  that  the  flora  consisted  almost  exclusively  of  large  vascular 
cryptogam ic  plants.  We  learn,  from  the  labours  of  M.  Ad.  Brongniart, 
that  there  existed  at  that  epoch  Equiseta  upwards  of  ten  feet  high,  and 
from  &ve  to  six  inches  in  diameter ;  tree  ferns,  or  plants  allied  to  them, 
from  forty  to  fifty  feet  in  height ;  and  arborescent  Lycopodiaces,  from 
sixty  to  seventy  feet  high.*  Of  the  above  classes  of  vegetables,  the 
species  are  all  small  at  present  in  cold  climates;  while  in  tropical  regions 
there  occur,  together  with  small  species,  many  of  a  much  greater  size  ; 
but  their  development,  even  in  the  hottest  parts  of  the  globe,  is  now  v/ 
inferior  to  that  indicated  by  the  petrified  forms  of  the  coal  formation. 
An  elevated  and  uniform  temperature,  and  great  humidity  in  the  air,  are 
the  causes  most  favourable  to  the  numerical  predominance  and  the  great 
^ize  of  these  plants  within  the  torrid  zone  at  present.  It  is  true  that,  as 
the  fossil  flora  consists  of  such  plants  as  may  accidentally  have  been 
floated  into  seas,  lakes,  or  estuaries,  it  may  very  commonly  give  a  false 
representation  of  the  numerical  relations  of  families  then  living  on  the 

*  Consid.  Gr^n^rales  sur  la  Nature  de  la  V^g^tation,  &c.    Ann.  dea  Sci.  Nat.,  Nov. 
1828. 
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land.  Yet|  after  allqw^ng  for  liability  to  error  on  these  grounde,  the 
arguiper^t  fQunded  oa  the  comparative  numbers  of  the  fossil  plants  of  the 
carboniferous  strata  is  ve^y  stcong. 

**  In  regard  to  the  geographical  extent  of  the  ancient  vegetation*  it  wai 
not  confined,"  says  M.  Brongniarty  "  to  a  small  spac^,  as  to  Europe,  for 
example ;  for  the  same  forms  are  met  with  again  at  great  distances.  Thuii 
the  coal  plants  of  North  America  are,  for  the  most  part^  identioul  with 
those  of  Eurppe,  and  all  belong  to  the  same  genera.  Some  specimeni, 
also,  from  Greenland,  are  referable  to  ferns,  analogous  to  those  of  oar 
European  coal  mines."* 

The  fossil  plants  brought  from  Melville  Island,  although  in  a  very  iip- 
perfect  state,  have  been  supposed  to  warrant  similar  conclusions  ;t  and 
assuming  that  they  agree  with  those  of  Baffin's  Bay,  mentioned  bj  M. 
Qrongniart,  how  shall  we  explain  the  roauner  in  which  such  a  vegetatiou 
lived  through  an  arctic  night  of  several  months'  duration  ?^ 

It  may  seem  premature  to  discuss  this  question,  until  the  imp  nature  of 
the  fossil  flora  of  the  arctic  regions  has  been  more  accurately  determined  { 
jf  t,  as  the  question  has  attracted  some  attention,  let  us  assume  for  a  mo- 
ment, that  the  coal  plants  of  Melville  Island  are  strictly  analogous  to  those 
of  the  strata  of  Northumberland — would  such  a  fact  present  an  inexplica- 
ble enigma  to  the  vegetable  physiologist  ? 

Plants,  it  is  affirmed,  cannot  remain  in  darkness,  even  for  a  week,  with- 
out serious  injury,  unless  in  a  torpid  state ;  and  if  exposed  to  heat  and 
moisture  they  cannot  remain  torpid,  but  will  grow,  and  must  therefore 
perish.  If,  then,  in  the  latitude  of  Melville  Island,  75^  N.,  a  high  tem- 
perature, and  consequent  humidity,  prevailed  at  that  period  when  we 
know  the  arctic  seas  were  filled  with  corals  and  large  multilocular  shells, 
how  could  plants  of  tropical  forms  have  flourished  ?  Is  not  the  bright 
light  of  equatorial  regions  as  indispensable  a  condition  of  their  well-being 
as  the  sultry  heat  of  the  same  countries  ?  and  how  could  they  annually 
endure  a  night  prolonged  for  three  months  ?§ 

Now,  in  reply  to  this  objection,  we  must  bear  in  mind,  in  the  first 
place,  that,  so  far  as  experiments  have  been  made,  there  is  every  reason 
to  conclude,  that  the  range  of  intensity  of  light  to  which  living  plants  can 
accommodate  themselves  is  far  wider  than  that  of  heat.  No  paints  or 
^ree  ferns  can  live  in  our  temperate  latitudes  without  protection  from  the 

*  Prodrome  d'une  Hist,  dee  V^g^t  Fon.  p.  179. 

t  Konigf  Joum.  of  Sci.  vol.  xv.  p.  20.  Mr.  Konig  informs  me,  that  he  no  longec 
believes  any  of  these  fossils  to  be  tree  ferns,  as  he  at  first  stated,  bat  that  thej  agree 
with  tropical  forms  of  plants  in  our  English  coal-beds.  The  Melville  Island  speci- 
mens, now  in  the  British  Museum,  are  very  obscure  impressions. 

t  Fossil  Flora  of  Great  Britain,  by  John  Lindley  and  William  Button,  Esqs. 
No.  IV. 

§  Fossil  Flora,  No.  IV. 
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cold ;  bt^t  when  placed  in  fM-hbix^h  they  grow  likxuriantiyi  eveti  Bnde^ 
a  dondy  sky,  and  where  much  light  is  ihforBepted  by  the  jglaM  and  frame- 
work. At  Bt.  Peter&barg,  in  lat.  0d*^  N.,  tlieire  plants  haW  been  8nete8#- 
folly  cultivated  in  hot-houses,  although  there  th^y  must  exchange  the  pek^ 
petaal  equinox  of  their  native  lieglons  f6r  days  and  nights  Whi6h  are  itter- 
nateiy  protrafcted  to  ninetdeii  hoot^  and  shortencfd  id  fiv6.  How  mud^ 
farther  towards  the  p6le  they  might  e^Vhtinue  to  live,  providi6d  a  dM 
qnantity  of  heat  iand  moistnVe  were  supplied,  has  hot  y^  beetl  dielermihie^ ) 
but  St.  Petersburg  is  probably  Tr<yt  the  uthidist  limit,  ^nd  w^  sh^ld  expert 
that  in  laU  65^  at  least,  where  th^y  would  never  remain  twenty-four  ft^urs 
without  enjoying  the  sun*s  Ifght,  tfcey  tnight  still  exist. 

Nor  must  we  forget  that  we  are  here  speaking  of  lirting  species  formed 
to  inhabit  within  or  near  the  tropics.  But  the  coal  plants  were  of  pef(> 
fectly  distinct  species,  and  may  have  been  endowed  ^ith  a  different  etttt- 
stitution,  enabling  them  to  bear  a  greater  variation  of  circumstances  in  re^ 
gard  to  light.  We  find  that  particular  species  of  pafans  uid  tree  feme 
require  at  present  different  degrees  of  heat ;  and  that  some  species  orifc 
thrive  only  iri  the  immediate  neighbourhood  of  the  equator,  others  only 
at  a  distance  from  it.  In  the  same  manner  the  minimwn  of  lights  suffi- 
cient for  the  now  existing  species,  cannot  be  taken  as  the  standard  for  ail 
analogous  tribes  that  may  ever  have  flourished  On  the  globe. 

But  granting  that  the  extreme  northern  point  to  which  a  flora  like  that 
of  the  carboniferous  era  could  ever  reach  may  be  somewhere  between  the 
latitudes  of  65°  and  70°,  we  should  still  have  to  inquire  whether  the 
vegetable  remains  might  not  have  been  drifted  from  thence,  by  rivers  and 
currents,  to  the  parallel  of  Melville  Island,  or  still  farther.  In  the  north- 
em  hemisphere,  at  present,  we  see  that  the  materials  for  future  beds  of 
lignite  and  coal  are  becoming  amassed  in  high  latitudes,  far  from  the  dis- 
tricts where  the  forests  grew,  and  on  shores  where  scarcely  a  stunted 
shrub  can  now  exist.  The  Mackenzie,  and  other  rivers  of  North  Ame- 
rica, carry  pines  with  their  roots  attached  for  many  hundred  miles  towards 
the  north,  into  the  arctic  sea,  where  they  tre  imbedded  in  deltas,  and  some 
of  them  drifted  still  farther  by  currents  towards  the  pole. 

Some  of  the  appearances  of  our  English  coal  fields  seem  to  prove  that 
the  plants  were  not  floated  from  great  distances;  for  the  oudine  of  the  stem's 
of  succulent  species  preserve  their  sharp  angles,  and  others  have  their  sur- 
faces marked  with  the  most  delicate  lines  and  streaks.  Long  leaves,  also, 
are  attached  in  many  instances  to  the  trunks  or  branches  ;*  and  leaves  we 
know,  in  general,  are  soon  destroyed  when  steeped  in  water,  although 
ferns  will  retain  their  forms  after  an  immersion  bf  several  months.t  It 
seems  fair  to  presume  that  the  coal  plants  may  have  grown  upon  the 

*  FogBil  Flora,  No.  X. 

t  This  hai  been  proved  by  Mr.  Lindley'i  experiments. 
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same  land,  the  destruction  of  which  provided  materials  for  the  sandatoaei 
and  conglomerates  of  the  group  of  strata  in  which  they  are  imbedded ; 
especially  as  the  coarseness  of  the  particles  of  many  of  these  rocks  attetti 
that  they  were  not  borne  from  very  remote  localities. 

Before  we  are  entitled  to  enlarge  farther  on  this  question  of  transporti- 
tiout  we  must  obtain  more  precise  information  respecting  the  state  of  the 
various  fossils  which  have  been  found  principally  in  the  coal  sandslonei 
of  high  latitudes,  and  we  must  learn  whether  they  bear  the  marks  of  frio- 
tion  and  decay  previous  to  their  fossilization. 

To  return*  therefore,  from  this  digression,  the  uninjured  corals  and 
chambered  univalves  of  Igloolik  (lat.  60^^  N.),  Melville  Island,  and  other 
\/'  high  latitudes,  sufficiently  prove  that,  during  the  carboniferous  period, 
there  was  an  elevated  temperature  even  in  northern  regions  bordering  on 
the  arctic  circle.  The  heat  and  humidity  of  the  air,  and  the  uniformity 
of  climate,  appear  to  have  been  most  remarkable  when  the  oldest  strata 
hitherto  discovered  were  formed.  The  approximation  to  a  climate  simi- 
lar to  that  now  enjoyed  in  these  latitudes  does  not  commence  till  the  en 
of  the  formations  termed  tertiary ;  and  while  the  different  tertiary  rocb 
were  deposited  in  succession,  the  temperature  seems  to  have  been  still 
further  lowered,  and  to  have  continued  to  diminish  gradually,  even  aAer 
the  appearance  upon  the  earth  of  a  great  portion  of  the  existing  species. 


CHAPTER    VII. 

FARTHER  KXAMINATION  OF  THE  QUESTION  AS  TO  THE  DISCORDANCE  OF  TBk 

AjrCIENT  AND  MODERN  CAUSES  OF  CHANGE. 

On  the  cauiei  of  yiciMitudes  in  climate — Remarks  on  the  present  diffusion  of  best 
over  the  globe — On  the  dependence  of  the  mean  temperatare  on  the  relative  posi- 
tion of  land  and  sea — Isothermal  lines — Carrents  from  equatorial  regions  (p.  116.) — 
Drilling  of  icebergs — Different  temperatare  of  Northern  and  Soathern  hemispheres 
— Combination  of  causes  which  might  produce  the  extreme  cold  of  which  the 
earth's  surface  is  susceptible  (p.  125.) — Conditions  necessary  for  the  prodactioa 
of  the  extreme  of  heat,  and  its  probable  effects  on  organic  life  (p.  130.) 

Causes  of  vicissUudea  in  Climate. — As  the  proofs  enumerated  in  the  last 
chapter  indicate  that  the  earth's  surface  has  experienced  great  changes  of 
climate  since  the  deposition  of  tlie  older  sedimentary  strata,  we  have  next 
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to  inqaire,  how  such  vicissitadef  can  be  reconciled  with  the  existing 
order  of  nature.     The  cosmogonist  has  availed  himself  of  thisi  is  of  erery 
obscure  problem  in  geology,  to  confirm  his  views  concerning  a  period 
ivhen  the  laws  of  the  animate  and  inanimate  world  differed  essentially 
from  those  now  established ;  and  he  has  in  this,  as  in  many  other  cases, 
succeeded  so  far,  as  to  divert  attention  from  that  class  of  facts,  which,  if 
fully  understood,  might  probably  lead  to  an  explanation  of  the  phenomena* 
At  first  it  wa9  imagined  that  the  earth's  axis  had  been  for  ages  perpendiea* 
lar  to  the  plane  of  the  ecliptic,  so  that  there  was  a  perpeUial  equinox,  and 
uniformity  of  seasons  throughout  the  year ; — that  the  planet  enjoyed  this 
*  paradisiacal'  state  until  the  era  of  the  great  flood ;  but  in  that  catastro- 
phe, ;whethcr  by  the  shock  of  a  comet,  or  some  other  convulsion,  it  lost 
its  equal  poise,  and  hence  the  obliquity  of  its  axis,  and  with  that  the 
varied  seasons  of  the  temperate  zone,  and  the  long  nights  and  days  of  the 
polar  circles. 

When  the  progress  of  astronomical  science  had  exploded  this  theory,  it 
was  assumed,  that  the  earth  at  its  creation  was  in  a  state  of  fluidity,  and 
red  hot,  and  that  ever  since  that  era  it  had  been  cooling  down,  contract- 
ing its  dimensions,  and  acquiring  a  solid  crust,— an  hypothesis  hardly  less 
arbitrary,  but  more  calculated  for  lasting  popularity,  because,  by  referring 
the  mind  directly  to  the  beginning  of  things,  it  requires  no  support  from 
observation,  nor  from  any  ulterior  hypothesis.  They  who  are  satisfied 
with  this  solution  are  relieved  from  all  necessity  of  inquiry  into  the  present 
laws  which  regulate  the  diflusion  of  heat  over  the  surface  ;  for,  however 
well  these  may  be  ascertained,  they  cannot  possibly  aflbrd  a  full  and 
exact  elucidation  of  the  internal  changes  of  an  embryo  world. 

But  if,  instead  of  forming  vague  conjectures  as  to  what  might  have 
been  the  state  of  the  planet  at  the  era  of  its  creation,  we  fix  our  thoughts 
on  the  connexion  at  present  existing  between  climate  and  the  distribution 
of  land  and  sea  ;  and  then  consider  what  influence  former  fluctuations  in 
the  physical  geography  of  the  earth  must  have  had  on  superficial  tem- 
perature, we  may  perhaps  approximate  to  a  true  theory.  If  doubts  and 
obscurities  still  remain,  they  should  be  ascribed  to  our  limited  acquaint- 
ance with  the  laws  of  Nature,  not  to  revolutions  in  her  economy  ; — they 
should  stimulate  us  to  further  research,  not  tempt  us  to  indulge  our  fancies 
in  framing  imaginary  systems  for  the  government  of  infant  worlds. 

Diffusion  of  heat  over  the  globe. — In  considering  the  laws  which  regu- 
late the  difi'usion  of  heat  over  the  globe,  we  must  be  careful,  as  Humboldt 
well  remarks,  not  to  regard  the  climate  of  Europe  as  a  type  of  the  tem- 
perature which  all  countries  placed  under  the  same  latitude  enjoy.  The 
physical  sciences,  observes  this  philosopher,  always  bear  the  impress  of 
the  places  where  they  began  to  be  cultivated  ;  and  as,  in  geology,  an  at- 
tempt was  at  first  made  to  refer  all  the  volcanic  phenomena  to  those  of  the 
volcanos  in  Italy,  so,  in  meteorology,  a  small  part  of  the  old  world,  the 
Vol.  I.— P 


<mntvt'ef  the  jiniiiitiinB  emlization  of  Europe,  was  for  a  long  time  oo&- 
siilered  a  lype  lO'  which  the  climate  of  all  corresponding  latiUidea  mi^ 
be  referred.  B«t  tliis  region,  constiluting  only  one  seventh  of  the  whole 
globe,  proved  eventually  to  be  the  exception  to  the  general  rule.  For  the 
same  reason,  we  may  warn  the  geologist  to  be  on  his  guard,  and  not 
hastily  to  assume  that  the  temperature  of  the  earth  in  the  present  era  is  a 
type  of  that  which  most  usoally  obtains,  since  be  contemplates  far  mightisr 
alterations  in  the  position  of  land  and  sea,  at  different  epochs,  than  thosi 
which  now  cause  the  climate  of  Europe  to  differ  from  that  of  other  cood- 
teies  in  the  same  parallels. 

It  is  now  well  ascertained  that  zones  of  equal  warmth,  both  in  the  atp 
mosphere  and  in  the  waters  of  the  ocean,  are  neither  parallel  to  the  equatw 
nor  to  each  other.*  It  is  also  known  that  the  mean  annual  tempentuie 
may  be  the  same  in  two  places  which  enjoy  very  different  climaiesi  for 
the  seasons  may  be  neary  uniform,  or  violenily  contrasted,  so  that  the 
hnes  of  eqaal  winter  temperature  do  not  coincide  with  those  of  equal  an- 
nual heat,  or  isoihernial  lines.  The  deviations  of  all  these  lines  from  the 
same  parallel  of  latitude  are  determined  by  a  multitude  of  circumstanees, 
among  the  principal  of  which  are  the  position,  direction,  and  elevation  of 
the  continents  and  islands,  the  position  and  depths  of  the  sea,  and  the 
direction  of  currents  and  of  winds. 

On  comparing  the  two  continents  of  Europe  and  America,  it  is  ioond 
that  places  in  the  same  latitudes  have  sometimes  a  mean  differenoe  of 
temperature  amounting  to  il°,  or  even  in  a  few  cases  to  11°  Fahr, ;  and 
some  places  on  the  two  continents,  which  have  the  same  mean  tempera- 
ture, differ  from  7°  to  13°  in  latitude.t  The  principal  cause  of  greater 
intensity  of  cold  in  corresponding  latitudes  of  North  America  and  Europe, 
is  the  connexion  of  North  America  with  the  polar  circle,  by  a  large  tract 
of  land,  some  of  which  is  from  3000  to  5000  feet  in  height,  and, 
on  the  other  hand,  the  separation  of  Europe  from  the  arctic  circle  by  an 
ocean.  The  ocean  has  a  tendency  to  preserve  every  where  a  mean  tem- 
perature, which  it  communicates  to  the  contiguous  land,  so  that  it  tempers 
the  climate,  moderating  alike  an  excess  of  heat  or  cold.  The  elevated 
land,  on  the  other  hand,  rising  to  the  colder  regions  of  the  atmosphere, 
becomes  a  great  reservoir  of  ice  and  snow,  arrests,  condenses,  and  con- 
geals vapour,  and  communicates  its  cold  to  the  adjoining  country.  For 
this  reason,  Greenland,  forming  part  of  a  continent  which  stretches  north- 

*  We  are  indebted  to  Baron  Alex.  Uamboldt  for  collecting  together,  in  a  beaatifbl 
eisay,  the  scattered  data  on  which  he  founded  an  approximation  to  a  true  theory  of 
the  diitribution  of  heat  over  the  globe.  Many  of  theie  data  are  derived  from  the 
author's  own  obsenrationa,  and  manj  from  the  works  of  M.  Pierre  Prevost,  of  Geneva, 
on  the  radiation  of  heat,  and  other  writers. — See  Humboldt  on  Isothermal  Lines, 
Mtmoires  d'Arcueil,  torn.  iii.  translated  in  the  Edin.  Phil.  Journ.  vol.  ill.  July,  1820. 

t  Humboldt's  tables.  Essay  on  Isothermal  Lines,  6lc. 
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ward  to  the  82d  degree  of  latitude,  erperienoee  under  the  dOth'^paraUels 
more  rigorous  climate  than  Lapland  under  the  7M  parallel. 

Rut  if  land  be  situated  between  the  40th  paiaUel  and  tbeefsatov,  it 
produces,  unless  it  be  of  extreme  height,  exactly  the*  opposite  effect ;  for 
it  then  warms 4he  tracts  of  land  or  sea  that  interfseiie  between  it  and  the 
polar  circle.  For  the  surface  being  in  this  case  etposed  to  the  ve^caU 
or  nearly  yertical  rays  of  the  sun,  absoibs  a  large  quantity  of  heat,  whiob 
it  diffuses  by  radiation  into  the  atmosphere.  For  this  reason,  the  western 
parts  of  the  old  continent  derive  warmth  from  Africa,  which,  like  an  im« 
mense  furnace,  distributes  its  heat  to  Arabia,  to  Turkey  in  Asia,  and  to 
Europe."*  On  the  contrary,  the  north-eastern  extremity  oi  Asia  expeii* 
ences  in  the  same  latitude  extreme  cold ;  for  it  has  lands  on  the  north 
between  the  60th  and  70th  parallel,  while  to  the  south  it  is  separated 
from  the  equator  by  the  Indian  Ocean. 

In  consequence  of  the  more  equal  temperature  of  the  waters  of  the 
ocean,  the  climate  of  islands  and  of  coasts  differs  essentially  from  that  ef 
the  interior  of  continents,  the  more  rtiaritime  climates  being  characterised 
by  mild  winters  and  more  temperate  summers  ;  for  the  sea  breeses  mode- 
rate the  cold  of  winter,  as  well  as  the  heat  of  summer.  When,  therefore, 
we  trace  round  the  globe  those  belts  in  which  the  mean  annual  tempera- 
ture  is  the  same,  we  often  find  great  differences  in  climate  ;  for  there  are 
insular  climates  in  which  the  seasons  are  nearly  equalized,  and  excessive 
climates,  as  they  have  been  termed,  where  the  temperature  of  winter  and 
summer  is  strongly  contrasted.  H'he  whole  of  Europe,  compared  with 
the  eastern  parts  of  America  and  Asia,  has  an  insular  climate.  The  north- 
em  part  of  China,  and  the  Atlantic  region  of  the  United  States,  exhibit 
**  excessive  climates.'*  We  find  at  New  York,  sayr Humboldt,  the  sum- 
mer of  Rome  and  the  winter  o/  Copenhagen  ;  at  Quebec,  the  summer  of 
Paris  and  the  winter  of  Petersburg.  At  Pekin,  in  China,  where  the  mean 
temperature  of  the  year  is  that  of  the  coasts  of  Brittany,  the  scorching 
heats  of  summer  are  greater  than  at  Cairo,  and  the  winters  as  rigorous  m 
at  Upsala.t 

If  lines  be  drawn  round  the  globe  through  all  those  places  which  have 
the  same  winter  temperature,  they  are  found  to  deviate  from  the  terrestrial 
parallels  much  farther  than  the  lines  of  equal  mean  annual  heat  The 
lines  of  equal  winter  in  Europe,  for  example,  are  often  curved  so  as 
to  reach  parallels  of  latitude  9°  or  10^  distant  from  each  other,  whereas 
the  isothermal  lines,  or  those  passing  through  places  having  the  same 
mean  annual  temperature,  differ  only  from  4^  to  6°. 

Influence  of  currents  and  drift  ice  on  (emperalure^^-^Among  other 
influential  causes,  both  of  remarkable  diversity  in  the  mean  annual  heat, 

*  Malte-Brun.  Pfayi.  Geog.  book  xvii. 
t  On  Iiothenna]  Lines,  Ac. 
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and  of  unequal  division  of  heat  in  the  different  seasonsi  are  the  direetion 
of  currents  and  the  accumulation  and  drifting  of  ice  in  high  lataUidfls. 
The  temperature  of  the  Lagullas  current  is  10°  or  12^  Fahr.  above  that  of 
the  sea  at  the  Cape  of  Good  Hope ;  for  Uie  greater  part  of  its  walan 
flow  through  the  Mozambique  channel,  down  the  south-east  coast  of 
Africa*  and  arc  derived  from  regions  in  the  Indian  Ocean  much  nearer  tbo 
line,  and  much  hotter  than  the  Cape.*  An  opposite  effect  is  prodneed 
by  the  "equatorial"  current,  which  crosses  the  Atlantic  from  Africa  to 
Brazil,  having  a  breadth  varying  from  160  to  450  nautical  milea.  Its 
waters  are  cooler  by  3°  or  4°  Fahr.  than  those  of  the  ocean  under  the 
line,  so  that  it  moderates  the  heat  of  the  tropics.t 

But  the  effects  of  the  Gulf  stream  on  Uie  climate  of  the  North  Atlantie 
Ocean  are  far  more  remarkable.  This  most  powerful  of  known  currenti 
has  its  source  in  the  Gulf  or  Sea  of  Mexico,  which,  like  the  Mediteni- 
nean  and  other  close  seas  in  temperate  or  low  latitudes,  is  warmer  than 
the  open  ocean  in  the  same  parallels.  The  temperature  of  the  Mexican 
sea  in  summer  is,  according  to  Rennel,  S6°  Fahr.  or  at  least  7°  above  that 
of  the  Atlantic  in  the  same  latitude.;):  From  this  great  reservoir  or  caldron 
of  warm  water,  a  constant  current  pours  forth  Uirough  the  straits  of 
Bahama  at  the  rate  of  three  or  four  miles  an  hour;  it  crosses  the  ocean 
in  a  north-easterly  direction,  skirting  the  great  bank  of  Newfoundland, 
where  it  still  retains  a  temperature  of  S°  above  that  of  the  surrounding 
sea.  It  reaches  the  Azores  in  about  seventy-eight  days,  after  flowing 
nearly  3000  geographical  miles,  and  from  thence  it  sometimes  extends  its 
course  a  thousand  miles  further,  so  as  to  reach  the  Bay  of  Biscay,  aitill 
retaining  an  excess  of  5°  above  tlie  mean  temperature  of  the  sea.  As  it 
has  been  known  to  arrive  tlicre  in  the  months  of  November  and  January, 
it  may  tend  greatly  to  moderate  the  cold  of  winter  in  countries  on  the 
west  of  Europe. 

There  is  a  large  tract  in  the  cenUre  of  the  North  Atlantic,  between  the 
parallels  of  33°  and  35°  N.  lat.  which  Rennell  calls  the  ''  recipient  of  the 
gulf  water."  A  great  part  of  it  is  covered  by  the  weed  called  sargasso* 
which  the  current  floats  in  abundance  from  the  Gulf  of  Mexico.  This 
mass  of  water  is  nearly  stagnant,  is  warmer  by  7°  or  10°  than  the  waters 
of  the  Atlantic,  and  may  be  compared  to  the  fresh  water  of  a  river  over- 
flowing the  heavier  salt  water  of  the  sea.  Rennell  estimates  the  area  of 
the  "  recipient,"  together  with  that  covered  by  the  main  current,  as  being 
2000  miles  in  length  from  E.  to  W.,  and  350  in  breadth  from  N.  to  8., 
which,  he  remarks,  is  a  larger  area  than  that  of  tlie  Mediterranean.  The 
heat  of  this  great  body  of  water  is  kept  up  by  the  incessant  and  quick 
arrival  of  fresh  supplies  of  warm  water  from  tlie  south,  and  there  can  be 

*  Rennell  on  Currents,  p.  96.    London,  1833. 

t  Ibid.  p.  153.  t  Ibid.  p.  25. 
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no  doubt  that  the  general  climate  of  parts  of  Europe  and  America  are 
materially  affected  by  this  cause. 

It  is  considered  probable  by  Scoresby*  that  the  influence  of  the  gulf 
stream  extends  even  to  the  sea  near  Spitsbergen »  where  its  waters  may 
pass  under  those  of  melted  ice  ;  for  it  has  been  found  that,  in  the  neigh* 
bourhood  of  Spitzbergen,  the  water  is  warmer  by  6^  or  7°  at  the  depth 
of  oue  hundred  and  two  hundred  fathoms  than  at  the  surface.  This 
might  arise  from  the  known  law  that  fresh  water  passes  the  point  of 
greatest  density  when  cooled  down  below  40°,  and  between  that  and  the 
freezing  point  expands  again.  The  water  of  melted  ice  might  be  lighter, 
both  as  being  fresh  (having  lost  its  salt  in  the  decomposing  process  of 
freezing),  and  because  its  temperature  is  nearer  the  freezing  point  than  the 
inferior  water  of  the  gulf  stream.* 

The  great  glaciers  generated  in  the  valleys  of  Spitzbergen,  in  the  79^ 
of  north  latitude,  are  almost  all  cut  off  at  tlie  beach,  being  melted  by  the 
feeble  remnant  of  heat  still  retained  by  the  gulf  stream.  In  Baffin's  Bay, 
on  the  contrary,  on  the  west  coast  of  Old  Greenland,  where  the  tempera* 
ture  of  the  sea  is  not  mitigated  by  the  same  cause,  and  where  there  is  no 
warmer  under-current,  the  glaciers  stretch  out  from  the  shore,  and  furnish 
repeated  crops  of  mountainous  masses  of  ice  which  float  off  into  the 
ocean.t  The  number  and  dimensions  of  these  bergs  is  prodigious.  Cap* 
tain  Ross  saw  several  of  them  together  in  Baffin's  Bay  aground,  in 
water  1600  feet  deep !  Many  of  them  are  driven  down  into  Hudson's 
Bay,  and  accumulating  there,  diffuse  excessive  cold  over  the  neighboucing 
continent ;  so  that  Captain  Franklin  reports,  that  at  the  mouth  of  Hayes 
river,  which  lies  in  the  same  latitude  as  the  north  of  Prussia  or  the  south 
of  Scotland,  ice  is  found  every  where  in  digging  wells,  in  summer,  at  the 
depth  of  four  feet !  Other  bergs  have  been  occasionally  met  with,  at 
midsummer,  in  a  state  of  rapid  thaw,  as  far  south  as  laL  40°,  and  longi- 
tude about  60°  West,  where  they  cool  the  water  sensibly  to  the  distance 
of  forty  or  fifty  miles  around,  the  thermometer  sinking  sometimes  17°,  or 
even  18°,  Fahrenheit,  in  their  neighbourhood4  It  is  a  well-known  fact 
that  every  four  or  five  years  a  large  number  of  icebergs,  floating  from 

*  When  Scoresbj  wrote  in  1820  (Arctic  Regiom,  vol.  i.  p.  210),  he  doabted 
whether  salt  water  expanded  like  fresh  water  when  freezing.  Since  that  time 
Erman  (Poggendorf 's  Annalen,  1828,  vol.  xii.  p.  483,)  has  proved  by  experiment  that 
sea-water  does  not  follow  the  same  law  as  fresh  water,  as  De  Luc,  Romford,  and 
Marcet  had  supposed.  On  the  contrary,  it  appears  that  salt  water  of  sp.  gr.  1.027 
(which  according  to  Berzelias  is  the  mean  density  of  sea  water)  has  no  maximum 
of  density  so  long  as  it  remains  fluid ;  and  even  when  ice  begins  to  form  in  it,  the 
remaining  flaid  part  always  increases  in  density  in  proportion  to  the  degree  of 
refrigeration. 

t  Scoresby's  Arctic  Regions,  vol.  i.  p.  208. — Dr.  Latta's  Observations  on  the 
Glaciers  of  Spitzbeigen,  dx.    Bdin.  New  PhU.  Joam.  vol.  ill.  p.  97. 

X  Rennell  on  CnrrenU,  p.  95. 
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Greenland,  double  Cape  Langaness,  and  are  stranded  on  die  west  eoaM 
of  Iceland.  The  inhabitants  are  then  aware  that  their  crops  will  ftilt  ■ 
consequence  of  fogs  which  are  generated  almost  incessantly ;  mnd  the 
dearth  of  food  is  not  confined  to  the  laud,  for  the  tempermtoffe  of  the 
water  is  so  changed  that  the  fish  entirely  desert  the  coast. 

Difference  of  climate  of  the  Northern  and  Southern  hemtsphem^^ 
When  we  compare  the  climate  of  the  northern  and  southern  hemispheres, 
we  obtain  still  more  instruction  in  regard  to  the  influence  of  the  distribo* 
tion  of  land  and  sea  on  climate.  The  dry  land  in  the  southern  btaiii- 
phere  is  to  that  of  the  northern  in  the  ratio  only  of  one  to  three,  exeladiag 
from  our  consideration  that  part  which  lies  between  the  pole  and  the  74* 
of  south  latitude,  which  has  hitherto  proved  inaccessible.  And  whereas, 
in  the  northern  hemisphere,  between  the  pole  and  the  thirtieth  paraHal 
of  north  latitude,  the  land  and  sea  occupy  nearly  equal  areas,  the  ocean 
on  the  southern  hemisphere  covers  no  less  than  fifteen  parts  in  sixteen  of 
the  entire  space  included  between  the  antarctic  circle  and  the  thirtieth 
parallel  of  south  latitude. 

This  great  extent  of  sea  gives  a  particular  character  to  climates  mmth 
of  the  equator,  the  wintera  being  mild  and  the  summers  cool.  Thus,  in 
Van  Diemen*s  Land,  corresponding  nearly  in  latitude  to  Rome,  the  wil^ 
ters  are  more  mild  than  at  Naples,  and  the  summers  not  warmer  than  those 
at  Paris,  which  is  7^  farther  from  the  equator.*  The  eflfect  on  Tegetation 
is  very  remarkable: — tree-ferns,  for  instance,  which  require  abundance  of 
moisture,  and  an  equalization  of  the  seasons,  are  found  in  Van  Diemen^ 
land,  in  latitude  42°  S.;  and  in  New  Zealand  in  south  latitude  45^.  The 
orchideous  parasites  also  advance  to  the  38°  and  42°  of  south  latiuide. 
Humboldt  observes  that  it  is  in  the  mountainou8,  temperate^  humid^  and 
ehady  parts  of  the  equatorial  regions,  that  the  family  of  ferns  produces  the 
greatest  number  of  species.  As  we  know,  therefore,  that  elevation  of\en 
compensates  for  the  eflect  of  latitude  in  the  geographical  distribution  of 
plants,  we  may  easily  understand  that  a  class  of  vegetables,  which  grow  at 
a  certain  height  in  the  torrid  zone,  would  flourish  on  the  plains  at  greater 
distances  from  the  equator,  if  the  temperature,  moisture,  and  other  neee^ 
sary  conditions,  were  equally  uniform  throughout  the  year. 

It  has  long  been  supposed  that  the  general  temperature  of  the  southern 
hemisphere  was  considerably  lower  than  that  of  the  northern,  and  that 
the  difierence  amounted  to  at  least  10°  Fahrenheit.  Baron  Humboldt,  aAer 
collecting  and  comparing  a  great  number  of  observations,  came  to  the  con- 
clusion that  even  a  much  larger  diflference  existed,  but  that  none  was  to 
be  observed  within  the  tropics,  and  only  a  small  difierence  as  far  as  the 
thirty-fifth  and  fortieth  parallel.  Captain  Cook  was  of  opinion  that  the 
ice  of  the  antarctic  predominated  greatly  over  that  of  the  arctic  region, 
that  encircling  the  southern  pole  coming  nearer  the  equator  by  10°  than 

**  Hamboldt  on  Isothermal  Lines. 
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the  ice  around  the  north  pole.  Bat  the  reoent  voyages  of  Weddell  and 
Biscoe  have  shown  that  on  certain  meridians  it  is  possible  to  approach  the 
south  pole  nearer  by  several  degrees  than  Cook  had  penetrated ;  and  even 
in  the  seventy-third  and  seventy-fourth  degrees  of  south  latitude,  they  found 
the  sea  open  and  with  few  ice-floes.* 

Nevertheless,  the  greater  cold  of  high  southern  latitudes  is  confirmed 
by  the  description  given  both  by  ancient  and  modem  navigators  of  the 
lands  in  this  hemisphere.  In  Sandwich  land,  according  to  Cook,  in  59°  of 
south  latitude,  the  perpetual  snow  and  ice  reach  to  the  sea  beach ;  and  what 
is  still  more  astonishing,  in  the  island  of  Georgia,  which  is  in  -64°  south 
latitude,  or  the  same  parallel  as  Yorkshire,  the  line  of  perpetual  snow  de- 
scends to  the  level  of  the  ocean.  When  we  consider  this  fact,  and  then 
recollect  that  the  summit  of  the  highest  mountains  in  Scotland,  four  de- 
grees farther  to  the  north,  do  not  attain  the  limit  of  perpetual  snow  on  our 
side  of  the  equator,  we  learn  that  latitude  is  one  only  of  many  powerful 
causes,  which  determine  the  climate  of  particular  regions  of  the  globe.  The 
permanence  of  snow  in  the  southern  hemisphere,  is  in  this  instance  partly 
due  to  the  floating  ice,  which  chills  the  atmosphere  and  condenses  the 
vapour,  so  that  in  summer  the  sun  cannot  pierce  through  tlie  foggy  air. 
But  besides  the  abundance  of  ice  which  covers  the  sea  to  the  south  of 
Georgia  and  Sandwich  land,  we  may  also,  as  Humboldt  suggests,  ascribe 
the  cold  of  those  countries  in  part  to  the  absence  of  land  between  them 
and  the  tropics. 

If  Africa  and  New  Holland  extended  farther  to  the  south,  a  diminution 
of  ice  would  take  place  in  consequence  of  the  radiation  of  heat  from  these 
continents  during  summer,  which  would  warm  the  contiguous  sea  and 
rarefy  the  air.  The  heated  aerial  currents  would  then  ascend  and  flow 
more  rapidly  towards  the  south  pole,  and  moderate  the  winter.  In  con- 
firmation of  these  views,  it  is  stated  that  the  iee,  which  extends  as  far  as 
the  68°  and  71°  df  south  latitude,  advances  more  towards  tlie  equator  when- 
ever it  meets  an  open  sea ;  that  is,  where  the  extremities  of  the  present 
continents  are  not  opposite  to  it ;  and  this  circumstance  seems  explicable 
only  on  the  principle  above  alluded  to,  of  the  radiation  of  heat  from  the 
lauds  so  situated. 

The  cold  of  the  antarctic  regions  was  conjectured  by  Cook  to  be  due  to 
the  existence  of  a  large  tract  of  landbetween  the  seventieth  degree  of  south 

*  Captain  Weddell,  in  1823,  advanced  3®  farther  than  Captain  Cook,  and  arriyed 
at  lat.  74°  15'  aoath,  long.  34^^  17'  west  Afler  having  passed  through  a  sea  ftrewed 
with  numerous  ice  islands,  he  arrived,  in  that  high  latitnde,  at  an  open  ocean;  but 
even  if  he  had  sailed  6^  farther  south,  |ie  would  not  have  penetrated  to  higher  lati- 
tudes than  Captain  Parry  in  the  arctic  circle,  who  reached  lat.  81**  12'  51"  north. 
CapUin  Biscoe,  in  1831  and  lti32,  discovered  Graham's  Land,  between  64°  and 
6d°  S.  lat.,  to  the  southward  of  New  Soutii  Shetland,  and  Enderbj's  Land,  in 
the  same  latitude,  on  the  meridian  of  Madagascar.  Journ.  of  Roy.  Greograph.  Soc. 
of  London,  1833,  p.  105. 
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latitude  and  the  pole ;  and  it  i>  worthy  of  obaenalion,  that  even  now,  aftar 
the  itioit  recent  voyagea,  the  area  fliill  tinezplored  within  the  antartlie 
circle  ia  much  more  than  double  the  area  of  Europe."  Some  geo^pben 
think  that  the  late  iliacorery  of  Graham's  and  Enderby'a  Lands  (betweea 
laL  64"  nnd  68°  S.).  both  of  which  Captain  Biacoe  belicTea  to  be  of  gmt 
extent,  has  strengthened  the  probability  of  Cook'a  conjectnre.  Theaa 
newly  obeerred  countries,  although  placed  in  latitudes  in  which  hsrdi  ef 
herbivoraua  animals  are  met  with  in  the  northern  hemisphere,  nay,  when 
man  himself  eiisls,  and  where  there  are  ports  and  villages,  are  deaeiibed 
a«  most  wintry  in  their  aspect,  almost  entirely  covered,  even  in  mimiDer, 
with  ice  and  anow,  and  nearly  destitute  of  animal  life. 

The  diatance  to  which  icebergs  float  from  the  polar  regiona  on  ihs 
opposite  sides  of  the  line  is,  as  might  have  been  anticipated,  very  d^ 
ferenl.  Their  extreme  limit  in  the  northern  hemisphere  ia  lat.  40°|  la 
before  mentioned,  and  they,  are  occasionally  seen  in  lat.  42°  N.  near  iW 
termination  of  the  great  bank  of  Newfoundland,  and  at  the  Asorea,  lat. 
42°  N.,  to  which  they  are  sometimes  drilled  from  Baffin's  Bay.  But  in 
the  other  liemis|ihcre  they  have  been  seen,  within  the  last  few  years,  at 
different  points  off  the  Cape  of  Good  Hope,  between  latitude  3S°  and 
8S°.i    One  of  these  (see  fig.  8.)  was  two  miles  in  circumference,  and 


tcAerg  lien  off  tht  Capt  of  Good  Hope,  JlptUltSS. 
Lat.  3D=  13'  S.  Lini^.49»40'  E. 
ISOfeethigh,  appearing  like  chalk  whenihe  sun  was  obscured,  and  having 
Uie  lustre  of  refined  sugar  when  the  sun  was  shining  on  it.  Others  rofe 
from  250  to  300  feet  above  the  level  of  tlie  sea,  and  were  therefore  of 
great  volumc'below;  since  it  is  ascertained,  by  experiments  on  the  buoy- 
ancy of  ice  floating  in  sea-water,  that  for  every  solid  foot  seen  above, 
thero  must  at  least  be  eight  cubic  feet  below  waler4  If  'ce  islands  from 
the  north  polar  regions  floated  as  far,  they  might  reach  Cape  St.  Vincent, 
and  tliere,  being  drawn  by  the  current  that  slways  sets  in  from  the  Atlantic 

*  Mr.  Oudner  inforini  me  that  the  lur&ce  of  Europe  ci<iitiini  about  2,793,008 
•qoBre  grognpbicKl  milea,  ll)P  aneiplored  antarctic  regioD  aboat  7,630,000, 

1  On  leebrrp  in  low  Latitudes,  bj  Cspt.  HonburgLi,  b;  whom  the  iketoh  was 
made.     Phil.  Tnni.  1K». 

t  Scotobj'i  Arctic  Rcgiom,  vol.  i.  p.  S34. 
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throagli  the  Straits  of  Oibraltart  be  driiVed  into  the 'MeditefmiiBtny  lo 
that  the  serene  skj  of  tbtt  cfeligbtitil  region  might  toon  be  ddormed  hf 
clouds  and  mists. 

Before  the  amount  of  differenee  between  tiie  tempenrture  of  Ae  two 
hemispheres  was  aseertainedt  it  was  referred  by  many  astronomers  1o 
the  precession  of  the  equinoxes,  or  the  acceleration  of  the  earth's  motion 
in  its  perihclinm ;  in  consequence  of  which  the  spring  and  summer  of  the 
southern  hemisphere  are  now  shortert  by  nearly  eight  days*  than  those 
seasons  north  of  the  equator.  But  -Sir  7.  Herschdi  reminds  us  that  the 
excess  of  eight  dajrs  in  the  duration  of  the  sun*s  presence  in  the  nortfiem 
hemisphere  is  not  produotire  of  an  excess  of  annual  light  and  heat ; 
since,  according  to  the  laws  of  elliptic  motion,  it  is  demonstrable  that 
whatever  be  the  ellipticity  of  the  eanh*s  orbit,  the  two  hemispheres  must 
receive  equal  dbichUt  qumUiiie^  of  light  and  heat  per  annum,  the  prox- 
imity of  the  sun  in  perigee  exactly  compensating  the  effect  of  its  swiAet 
motion.*  Humboldt,  howerer,  obserres,  that  there  must  be  a  greater 
loss  of  heat  by  radiation  in  the  southern  hemisphere  during  a  winter 
longer  by  eight  days  than  that  on  the  other  side  of  the  equator.! 

Perhaps  no  very  sensible  effect  may  be  produced  by  this  source  of  dis- 
turbance, yet  the  geologist  should  bear  in  mind  that  to  a  certain  extent  it 
operates  alternately  on  each  of  the  two  hemispheres  for  a  period  of 
upwards  of  10,000  yean,  dividing  unequally  the  times  during  which  the 
annual  supply  of  solar  light  and  heat  is  receired.  This  cause  may  some- 
times tend  to  counterbalance  inequalities  of  temperature  resulting  from 
other  far  more  influential  cireumstances ;  but,  on  the  other  hand,  it  must 
sometimes  tend  to  increase  the  eoctreme  of  deviation  arising  from  particu- 
lar combinations  of  causes. 

But  whatever  may  be  at  present  the  inferiority  of  heat  in  the  tempe- 
rate and  frigid  zones  south  of  the  line,  it  is  quite  evident  that  the  cold 
would  be  far  more  intense  if  there  happened,  instead  of  open  sea,  to'  be 
tracts  of  elevated  land  between  the  ff5th  and  70th  paralld;  and  on  the 
other  hand,  the  cold  would  be  moderated  if  there  was  more  land  between 
the  line  and  the  forty-fifth  degree  of  south  latitude. 

Changes  in  the  position  rfland  and  sea  may  give  rise  to  vicissiiudes 
in  climate, — Having  offered  these  brief  remarks  on  the  diffusion  of  heat 
over  the  globe  in  the  present  state  of  the  surface,  I  shall  now  proceed  to 

*  This  fbllowv,  obfenret  Hencfael,  iVom  a  very  timple  theofem,  which  may  be  that 
stated : — **  The  amoont  of  heat  received  by  the  earth  from  the  waok,  while  deeeribing 
any  part  of  ita  orbit,  is  proportional  to  the  angle  deaoribed  round  the  eon's  centre;"* 
So  that  if  the  orbit  be  divided  into  two  portions  by  a  line  drawn  m  imy  dtrestMs 
through  the  sun's  centre,  the  heat  received  in  describing  the  two  unequal  segments 
of  the  ellipee  so  produced  will  be  equal.— Geol.  Trans,  vol.  iii.  pert  ii.  p.  806; 
second  series. 

t  On  Isothermal  Lines. 

Vol.  I.— Q 
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•pecal^  on  the  rid^sHodes  of  climate,  which  must  attend  those  endlcM 
Tariatipns.  ia  the  geographical  features  of  oar  planet  which  are  coatea- 
plated  in  geology.  That  our  speculations  may  be  confined  within  the 
strict  limits  of  analogy » I  shall  assume*  1st,  That  the  proportion  of  dry 
limd  to  sea  continues  always  the  same.  2dly,  That  the  volume  of  tht 
land  rising  above  the  level  of  the  sea  is  a  constant  quantity ;  and  not  only 
that  its  me^n,  but  that  its  extreme  height,  are  liatile  only  to  trifling 
tions.  3dly,  That  both  tlie  mean  and  extreme  depth  of  the  sea  are  i 
riable ;  and,  4thly,  It  may  be  consistent  with  doe  caution  to  assume  that 
the  grouping  together  of  the  land  in  great  continents  is  a  necessaiy  part 
of  the  economy  of  nature ;  for  it  is  possible  that  the  laws  which  goven 
the  subterranean  forces,  and  which  act  simultaneously  along  certain  lines, 
eannot  but  produce,  at  every  epoch,  continuous  mountain-chains ;  so  that 
the  subdivision  of  the  whole  land  into  innumerable  islands  may  be  pit> 
eluded. 

If  it  be  objected,  that  the  maximum  of  elevation  of  land  and  depth  of 
sea  are  probably  not  constant,  nor  the  gathering  together  of  all  the  land  in 
certain  parts,  nor  even  perhaps  the  relative  extent  of  land  and  water,  I 
reply,  that  the  arguments  about  to  be  adduced  will  be  strengthenedy  if,  in 
these  peculiarities  of  the  surface,  there  be  considerable  deviations  from 
the  present  type.  If,  for  example,  all  other  circumstances  being  the  same, 
the  land  is  at  one  time  more  divided  into  islands  than  at  another,  a  greater 
uniformity  of  climate  might  be  produced,  tlie  mean  temperature  remain- 
ing unaltered ;  or  if,  at  another  era,  there  were  mountains  higher  than 
the  Himalaya,  these,  when  placed  in  high  latitudes,  would  cause  a 
greater  excess  of  cold.  Or,  if  we  suppose  that  at  certain  periods  no 
chain  of  hills  in  the  world  rose  beyond  the  height  of  10,000  feet,  e  greater 
heat  might  then  have  prevailed  than  is  compatible  with  the  existence  of 
mountains  thrice  tliat  elevation. 

However  constant  may  be  the  relative  proportion  of  sea  and  land,  we 
know  that  there  is  annually  some  small  variation  in  their  respective  geo- 
graphical positions,  and  that  in  every  century  the  land  is  in  some  parts 
raised,  and  in  others  depressed  by  earthquakes ;  and  so  likewise  is  the 
bed  of  the  sea.  By  these  and  other  ceaseless  changes,  the  configurmtion 
of  the  earth's  surface  has  been  remodelled  again  and  again  since  it  was 
the  habiution  of  organic  beings,  and  the  bed  of  the  ocean  has  been  lifted 
up  to  the  height  of  some  of  the  loftiest  mountains.  The  imagination  is 
apt  to  take  alarm  when  called  upon  to  admit  the  formation  of  such  irregu- 
larities in  the  crust  of  the  earth,  after  it  had  once  become  the  habitation 
of  living  creatures;  but,  if  time  be  allowed,  the  operation  need  not  snb- 
vert  the  ordinary  repose  of  nature,  and  the  result  is  in  a  general  view 
insignificant,  if  we  consider  how  slightly  the  highest  mountain-chains 
cause  our  globe  to  differ  from  a  perfect  sphere.  Chimborazo,  though  it 
rises  to  more  than  21,000  feet  above  the  sea,  would  be  represented,  on  a 
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globe  of  about  six  feet  in  diameter,  by  a  grain  of  iand  leas  than  one-: 
twentieth  of  an  inch  in  thickness.* 

The  superficial  inequalities  of  the  earth,  then,  may  be  deemed  minute 
in  quantity,  and  their  distribution  at  any  particular  epoch  must  be  regarded' 
in  geology  as  temporary  peculiarities,  like  the  height  and  outline  of  the- 
cone  of  YesuTius  in  the  interval  between  two  eruptions.  But  although, 
in  reference  to  the  magnitude  of  the  globe,  the  uneveiiness  of  the  suiface 
is  so  unimportant,  it  is  on  the  position  and  direction  of  these  small  ine*' 
qualities  that  the  state  of  the  atmosphere,  and  both  the  local  and  general 
climate,  are  mainly  dependent 

Before  considering  the  effect  which  a  material  change  in  the  distribution 
of  land  and  sea  must  occasion,  it  may  be  well  to  remark,  how  greatly  organic 
life  may  be  affected  by  those  minor  Tariations,  which  need  not  in  the  least 
degree  alter  the  general  temperature.  Thus,  for  example,  if  we  suppose* 
by  a  series  of  convulsions,  a  certain  part  of  Greenland  to  become  sea,  and, 
in  compensation,  a  tract  of  land  to  rise  and  connect  Spitzbergen  with 
Jjapland, — an  accession  not  greater  in  amount  that  one  which  the  geologist 
can  prove  to  have  occurred  in  certain  districts  bordering  the  Mediterraneanv 
within  a  comparatively  modem  period,^— this  idtered  form  of  the  land 
might  cause  an  interchange  between  the  climate  of  certain  parts  of  North 
America  and  of  Europe,  which  lie  in  corresponding  latitudes.  Many 
European  species  of  plants  and  animals  would  probably  perish  in  conse* 
quence,  because  the  mean  temperature  would  be  greatly  lowered ;  and 
others  would  fail  in  America,  because  it  would  there  be  raised.  On  the 
other  hand,  in  places  where  the  mean  annual  heat  remained  unaltered, 
some  species  which  flourish  in  Europe,  where  the  seasons  aire  more  uni- 
form, would  be  unable  to  resist  the  greater  heat  of  the  North  American 
summer,  or  the  intenser  cold  of  the  winter ;  while  others,  noW  fitted  by 
their  habits  for  the  great  contrast  of  the  American  seasons,  would  not  be 
fitted  for  the  insular  climate  of  Europe.  The  vine,  for  example,  accord- 
ing to  Humboldt,  can  be  cultivated  with  advantage  10^  further  north  in 
Europe  than  in  North  America.  Many  plants  endure  iftevere  frost,  but 
cannot  ripen  their  seeds  without  a  certain  intensity  of  summer  heat  and  a 
certain  quantity  of  light ;  others  cannot  endure  a  similar  intensity  either 
of  heat  or  cold. 

It  is  now  established  that  many  of  the  existing  species  of  animals 
have  survived  great  changes  in  the  physical  geography  of  tlie  globe.  If 
such  species  be  termed  modem,  in  comparison  to  races  which  preceded 
them,  their  remains,  nevertheless,  enter  into  submarine  deposits  many 
hundred  miles  in  length,  and  which  have  since  been  raised  from  the  deep 
to  no  inconsiderable  altitude.  When,  therefore^  it  is  shown  that  changes 
in  the  temperature  of  the  atmosphere  may  be  the  consequence  of  such 

*  Malte-Bnm's  System  of  Oeogrmphy,  book  1.  p.  6. 
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phyaieaL  re^olmioB^  oC  the  aurfaca,  we  ought  no  longav  to  wonder  Aat 
we  find  the  distribution  of  existing  speoiaa  to  be  kadf.  inregpid  to  iBrngir 
tyii  ae  well  aa>  latitude..  If  all  species  were  now*  by  an  exertion  of  ena- 
tive  ]K>wer«  to  be  diffuaed  uuibrmly  throoghoot  those  xoom  whoi^  than 
ia  an  equal  .degree  of  heat^  and  in  all  reapecta  a  aimilarity  of  eUmetOt  Aey 
would  begiB  from  thia  moment  to  depart  more  and  more  frona  tboir  oci|i* 
od'  diatFibution*  Aquatie  and  tenestrial  species  would  be  dieplaeed,  as 
Hooke  long  ago  obserredy  ao  often  aa  land  and  water  exchanged  pleess; 
and  there  would  also,  by  the  formation  of  new  mountaina  and  elhs 
changes,  be  transpositions  of  climate,  contributing!  in  the  manner  tefan 
aUifded  to^  to  the  local  extermination  of  speciea.* 

If  we  now  proceed  to  conaider  the  circumstances  required  for  m^gmuni 
change  of  temperature,  it  will  appear,  from  the  facta  and  prineiplei 
already  laid  down,  that  whenever  a  greater  extent  of  high  land  ia  eoUeaisd 
in  the  polar  regiona,  the  cold  will  augment ;  and  the  aame  resuU  will  be 
produced  when  there  is  more  sea  between  or  near  the  tropica ;  whiiOf  on 
the  contrary^  ao  of\en  as  the  above  conditiona  are  reveraed,  the  heat  wiH  be 
greater.  (See  Map,  PL  L  facing  p.  180.)  If  thia  be  admitted,  it  will  follow, 
that  nnleas  the  aupecficiai  ineqnalitiea  of  the  earth  be  fixed  and  permanent, 
there  roust  be  never-ending  fluctuations  in  the  mean  temperature  of  eveiy 
zone  9  and  that  the  climate  of  one  era  can  no  more  be  a  type  of  evaqf 
other,  than  ia  one  of  our  four  aeasona  of  all  the  rest. 

It  haa  been  well  said,  that  the  earth  is  covered  by  an  ocean,  in  the 
midst  of  which  are  two  great  islands,  and  many  smaller  ones ;  for  the 
whole  of  the  continents  and  iaianda  occupy  an  area  acarcely  exceeding 
one-fourth  of  the  whole  superficies  of  the  spheroid.  Now,  on  a  Cur 
eatimate  of  probability,  we  may  reasonably  assume  that  there  will  not,  at 
any  given  epoch,  be  more  than  about  one-fourth  dry  land  in  a  particular 
region  ;  such,  for  example,  as  within  the  arctic  and  antarctic  circlea.  If^ 
therefore,  at  present  there  should  happen,  in  the  only  one  of  theae  regiona 
which  we  can  explore,  to  be  much  more  than  this  average  proportion  of 
land,  and  some  of  it  above  five  thousand  feet  in  height,  this  alone  aflforde 
ground  for  concluding  that,  in  the  present  state  of  things,  the  mean  heal 
of  the  climate  is  below  that  which  the  earth's  surface,  in  its  more  ordinary 
state,  would  enjoy.  This  presumption  would  be  heightened,  were  we  to 
aaaume  that  the  mean  depth  of  the  Atlantic  and  Pacific  Oceana  i»  aa  great 
aa  some  astronomers  have  imagined  ;t  for  then  we  might  look  not  only 

.  *  ▲  fbU  coiindeimti«ft  of  the  eflSect  of  dMuig«i  ia  phjtictl  gtogrmpky  o»  th»  dMtri» 
bation  and  eztiiiotion  of  tpecitt,  is  given  in  Book  III. 

t  See  Young*!  Nat  PhU.  Lect.  zlvii. ;  Mn.  Someryille't  Connez.  of  Phjt.  Sot. 
leot.  14.  p.  110.  Laplace,  endeavouring  to  estimate  the  probable  depth  of  the  sea 
^nM  wotm  of  the  phenomena  of  the  tides,  saja  of  the  ocean  generally,  "  que  sa  pio* 
fondeur  moyenne  est  da  meme  ordre  que  la  hauteur  moyenne  des  continens  et  des 
Isles  au-dessns  de  son  niveaa,  hauteur  qui  ae  surpaese  pas  milie  mitres  (3880  ft.)'*— 
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for  more  ihtn  two-tbirdi  sea  in  the  frigid  lones*  but  for  water  of  great 
depths  which  could  not  readily  be  reduced  to  the  freezing  point.  The 
aame  opinion  is  confirmed^  when  we  oompace  the  quantity  cf  land  lying 
between  the  poles  and  the  30th  paralleU  of  north  and  south  latitudest  with 
the  quantity  placed  between  those  parallels  and  the  equator ;  for*  it  ia 
clear«  that  we  have  at  present  not  only  more  than  the  usual  degiee  of 
cold  in  the  polar  regions*  but  also  less  than  the  ainsrage  quantity  of  heat 
within  the  tropics. 

Poiition  of  land  and  $ea  which  might  produce  the  extreme  of  cold  qf 
tohich  the  earth*9  eurface  i$  iuecqUUde.'^To  simplify  our  view  of  th» 
various  changes  in  climate,  which  different  combinations  of  geographical 
circumstances  may  produce,  we  shall  first  consider  the  conditions  neces- 
sary for  bringing  abont  the  extreme  of  cdd,  or  what  may  be  termed  the 
wioter  of  the  "great  year,"  or  geological  cjclBf  and  afterwards,  the  con- 
ditions requisite  to  produce  the  maximum  of  hofti  or  the  summer  of  the 
same  year. 

To  begin  with  the  northern  hemisphere*  Jjet  us  suppose  those  hills 
of  the  Italian  peninsula  and  of  Sicily,  which  are  of  comparatively  modem 
origin,  and  contain  many  fossil  shells  identical  with  living  speoieSy  to  sub- 
side again  into  the  sea,  Ccom  which  they  have  been  raised,  and  that  an 
extent  of  land  of  equal  area  and  height  (varying  from  one  to  three  thou- 
sand feet)  should  rise  up  in  the  Arctic  Ocean  between  Siberia  and  the 
north  pole.  In  speaking  of  such  changes,  I  shall  not  allude  to  the  man- 
ner in  which  I  conceive  it  possible  that  they  may  be  brought  about,  nor 
of  the  time  required  for  their  accomplishmentr— reserving  for  a  future  oc- 
casion, not  only  the  proofs  that  rev<dutions  of  equal  magnitude  have  taken 
place,  but  that  anabgous  operations  are  still  in  gradual  progress.  The 
alteration  now  supposed  in  the  physical  geography  of  the  northern  regions 
would  cause  additional  snow  and  ice  to  accumulate  where  now  there  is 
usually  an  open  sea ;  and  the  temperature  of  the  greater  part  of  Europe 
would  be  somewhat  lowered,  so  as  to  resemble  more  nearly  that  of  cor- 
responding latitudes  of  North  America :  or,  in  other  words,  it  might  be 
necessary  to  travel  about  10°  farther  south  in  order  to  meet  with  the  same 

Mec.  C^leirte,  Bk.  zi.  et  Sytt.  da  Monde,  p.  254.  The  ezpretnon  <<  da  m^ine  ordre" 
admiUi  in  matbematic&l  lan^age,  of  considerable  latitude  of  aignifioation,  and  does 
not  mean  that  the  depth  of  the  water  below  the  leyel  of  the  sea  corresponds  exactly 
ta  the  height  of  the  land  above  it.  I  have  endeavoured,  in  yain,  after  consulting 
■cvend  eminent  mathematioiaas,  among  others,  ProfeMor  Airy,  Mr.  Lubbock,  and 
Mr.  Whewell,  to  arriva  at  some  conclusion  as  to  the  abeolate  depth  of  the  ocean. 
My  informants  all  agree  in  declaring  that  the  hypothetical  data  on  which  the  calcu- 
lations of  Laplace  necessarily  proceeded  cannot  giye  eyen  an  approximation  to  a 
solution  of  the  problem.  Neither  does  Mr.  Whewell  believe  in  the  alleged  approach 
te  uniformity  in  the  depth  of  the  ocean,  whieh  some  have  wished  to  deduce  from 
the  supposed  smallness  of  the  difierence  of  the  two  tides  eeeerring  on  the  same  day. 
(London,  March^  18^:) 
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climate  which  we  now  enjoy.  No  compensation  would  be  deriTed  from 
the  disappearance  of  land  in  the  Mediterranean  countries ;  bat  the  eon* 
trary,  since  the  mean  heat  of  the  soil  in  those  latitudes  is  probably  fir 
above  that  which  would  belong  to  the  sea,  by  which  we  imagine  it  to  be 
replaced. 

But  let  the  configuration  of  the  surface  be  still  further  varied,  and  let 
some  large  district  within  or  near  the  tropics,  such  as  Mexico,  with  its 
mountains  rising  to  the  height  of  twelve  thousand  feet  and  upwards,  be 
converted  into  sea,  while  lands  of  equal  elevation  and  extent  rise  up  in 
the  arctic  circle.  From  this  change  there  would,  in  the  first  plaee,  nrndt 
a  sensible  diminution  of  temperature  near  the  tropic,  for  the  soil  of 
Mexico  would  no  longer  be  heated  by  the  sun ;  so  that  the  atmosphere 
would  be  less  warm,  as  also  the  neighbouring  Atlantic.  On  the  other 
hand,  the  whole  of  Europe,  Northern  Asia,  and  North  America^  wooM 
be  chilled  by  the  enormous  quantity  of  ice  and  snow,  thus  genermted  at 
vast  heights  on  the  new  arctic  continent.  If,  as  we  have  already  seen, 
there  are  now  some  points  in  the  southern  hemisphere  where  snow  is  per- 
petual down  to  the  level  of  the  sea,  in  latitudes  as'  low  as  central  Bng* 
land,  such  might  assuredly  be  the  case  throughout  a  great  pert  of  Europe, 
under  the  change  of  circumstances  above  supposed ;  and  if  at  present  the 
extreme  range  of  drifted  icebergs  is  the  Azores,  they  might  easily  reaeh 
the  equator  after  the  assumed  alteration.  But  to  pursue  the  subject  still 
farther — ^let  the  Himalaya  mountains,  witH^  the  whole  of  Hindostan,  sink 
down,  and  their  place  be  occupied  by  the  Indian  Ocean,  while  an  equal 
extent  of  territory  and  mountains,  of  the  same  vast  height,  rise  up  be- 
tween North  Greenland  and  the  Orkney  islands.  It  seems  difiicult  to 
exaggerate  the  amount  to  which  the  climate  of  the  northern  hemisphere 
would  then  be  cooled. 

But  the  refrigeration  brought  about  at  the  same  time  in  the  southern 
hemisphere,  would  be  nearly  equal,  and  the  difference  of  temperature  be- 
tween the  arctic  and  equatorial  latitudes  would  not  be  much  greater  than 
at  present ;  for  no  important  disturbance  can  occur  in  the  climate  of  a 
particular  region,  without  its  immediately  affecting  all  other  latitudes,  how- 
ever remote.  The  heat  and  cold  which  surround  the  globe  are  in  a  state 
of  constant  and  universal  flux  and  reflux.  The  heated  and  rarefied  air  is 
always  rising  and  flowing  from  the  equator  towards  the  poles  in  the  higher 
regions  of  the  atmosphere ;  while  in  the  lower,  the  colder  air  is  flowing 
back  to  restore  the  equilibrium.  That  this  circulation  is  constantly  going 
on  in  the  ai^rial  currents  is  not  disputed ;  it  is  often  proved  by  the  oppo- 
site course  of  the  clouds  at  different  heights,  and  the  fact  was  farther 
illustrated  in  a  striking  manner  by  an  event  which  happened  during  the 
present  century.  The  trade  wind  continually  blows  with  great  force  from 
the  island  of  Barbadoes  to  tliat  of  Sl  Vincent ;  notwithstanding  which, 
during  the  eruption  of  the  volcano  in  the  island  of  Sl  Vincent,  in  1812, 
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aflhes  fell  in  profoaion  from  a  great  height  in  the  atmosphere  upon  Bar- 
badoee.  This  apparent  transportation  of  matter  against  the  wind,  con- 
firmed the  opinion  of  the  existence  of  a  counter-current  in  the  higher 
regions,  which  had  previously  rested  on  theoretical  conclusions  only.* 

That  a  corresponding  interchange  takes  place  in  the  seas,  is  demon- 
strated, according  to  Humboldt,  by  the  cold  which  is  found  to  exist  at 
great  depths  between  the  tropics ;  and,  among  other  proofs,  may  be  men- 
tioned the  mass  of  warmer  water  which  the  gulf  stream  is  constantly 
bearing  northwards,  while  a  cooler  current  flows/rom  the  north  along 
the  coast  of  Greenland  and  Labrador,  and  helps  to  restore  the  equili- 
brium.t 

Currents  of  heavier  and  colder  water  pass  from  the  poles  towards  the 
equator,  which  cool  the  inferior  parts  of  the  ocean ;%  so  that  the  heat  of 
the  torrid  2one  and  the  cold  of  the  polar  circle  balance  each  other.  The 
refrigeration,  therefore,  of  the  polar  regions,  resulting  from  the  supposed 
alteration  in  the  distribution  of  land  and  sea,  would  be  immediately  com- 
municated to  the  tropics,  and  from  them  its  influence  would  extend  to  the 
antarctic  circle,  where  the  atmosphere  and  the  ocean  would  be  cooled,  so 
that  ice  and  snow  would  augment.  Although  the  mean  temperature  of 
higher  latitudes  in  the  southern  hemisphere  is,  as  before  stated,  for  the 
most  part  lower  than  that  of  the  same  parallels  in  the  northern,  yet,  for  a 
considerable  space  on  each  side  of  the  line,  the  mean  annual  heat  of  the 
waters  is  found  to  be  the  same  in  corresponding  parallels.  If,  therefore, 
by  the  new  position  of  the  land,  the  formation  of  icebergs  had  become  of 
common  occurrence  in  the  northern  temperate  zone,  and  if  these  were 
frequently  drifted  as  far  as  the  equator,  the  same  degree  of  cold  which 
they  generated  would  immediately  be  communicated  as  far  as  the  tropic 
of  Capricorn,  and  from  thence  to  the  lands  or  ocean  to  the  south. 

The  freedom,  then,  of  the  circulation  of  heat  and  cold  from  pole  to  pole 
being  duly  considered,  it  will  be  evident  that  the  mean  temperature  which 
may  prevail  at  the  same  point  at  two  distinct  periods,  may  differ  far  more 
widely  than  of  any  two  poiuts  in  the  same  parallels  of  latitude,  at  one  and 
the  same  period.  For  the  range  of  temperature,  or,  in  other  words,  the 
curvature  of  the  isothermal  lines  in  a  given  zone,  and  at  a  given  period, 
must  always  be  circumscribed  within  narrow  limits,  the  climate  of  each 
place  in  that  zone  being  controlled  by  the  combined  influence  of  the  geo- 
graphical peculiarities  of  all  other  parts  of  the  earth.     Whereas,  if  we 

*  Danieirs  Meteorological  Etsays,  p.  103. 

t  In  speaking  of  the  circulation  of  air  and  water  in  this  chapter,  no  allusion  ig 
made  to  the  trade  winds,  or  to  irregularities  in  the  direction  of  currents,  caused  by 
the  rotatory  motion  of  the  earth.  These  causes  prevent  the  movements  from  being 
direct  from  north  to  south,  or  from  south  to  north,  bat  they  do  not  affect  the  tbeoiy 
of  a  constant  circulation. 

t  See  note  (Vol.  I.  p.  117)  on  the  increaaiog  density  of  teipwater  in  proportion 
to  the  degree  of  cold. 
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compare  the  «Me  of  thiogs  at  two  dietinet  mnd  «oiiiewli8t  dietnt  epoehi, 
«  particular  zone  may  at  one  time  be  under  the  infloenee  of  one  daaa  of 
disturbing  causes,  and  at  another  time  may  be  affected  by  an  opponta 
^ombinaAion.  The  lands,  for  example,  to  the  north  of  Greenland  caase 
the  present  dimate  of  North  America  to  be  cdlder  than  that  of  Europe  in 
the  same  latitudes ;  but  the  excess  of  cold  is  not  so  great  as  it  would  have 
been  if  the  western  hemisphere  had  been  entirely  isolated,  or  sepaialsd 
from  the  eastern  like  a  disUnct  i^lanet.  F6r  not  only  does  the  refrigera- 
tion produced  by  Greenland  chill  to  a  certain  extent  the  atmoaphere  of 
northern  and  western  Europe,  but  the  mild  climate  of  Europe  reacta  also 
upon  North  America,  and  moderates  the  chilling  influence  of  the  adfonung 
polar  lands. 

To  return  to  the  state  of  the  earth  after  the  changes  above  snppoaed, 
we  must  not  omit  to  dwell  on  the  important  effects  to  which  a  wide  ex* 
panse  of  perpetual  snow  would  give  rise.  It  is  probable  that  neariy  the 
whole  sea,  from  the  poles  to  the  paraillels  of  45**,  would  be  frosen  ofer; 
for  it  is  well  known  that  the  immediate  proximity  of  land  is  not  eaaentid 
to  the  formation  and  increase  of  field  ice,  provided  there  be  in 
part  of  the  same  zone  a  sufficient  quantity  of  glaciers  generated  on  or 
the  land,  to  cool  down  the  sea.  Captain  Scoresby,  in  his  account  of  Ibe 
arctic  regions,  observes,  that  when  the  sun's  rays  ^*fall  upon  the  enow* 
clad  surface  of  the  ice  or  land,  they  are  in  a  great  measure  reflected,  with 
out  producing  any  material  elevation  of  temperature ;  but  when  tiiey  im- 
pinge on  the  black  exterior  of  a  ship,  the  pitch  on  one  side  occaaionaHy 
becomes  fluid,  while  ice  is  rapidly  generated  at  the  other.**' 

Now  field  ice  is  almost  always  covered  with  snow  rf  and  thus  not  only 
land  as  extensive  as  our  existing  continents,  but  immense  tracts  of  aea  in 
the  frigid  and  temperate  zones,  might  present  a  solid  surface  covered  with 
anew,  and  reflecting  the  sun's  rays  for  the  greater  part  of  the  year.  With- 
in the  tropics,  moreover,  where  the  ocean  now  predominates,  the  aky 
would  no  longer  be  serene  and  clear,  as  in  the  present  era ;  but  maaaea 
of  floating  ice  would  cause  quick  condensations  of  vapour,  so  that  foga 
and  clouds  would  deprive  tlie  vertical  rays  of  the  sun  of  half  their  power. 
The  whole  planet,  therefore,  would  receive  annually  a  smaller  proportion 
of  the  solar  influence,  and  the  external  crust  would  part,  by  radiation, 
with  some  of  tlie  heat  which  had  been  accumulated  in  it,  during  a  differ^ 
ent  state  of  the  surface.  This  heat  would  be  dissipated  in  the  spacea  sur- 
rounding our  atmosphere,  which,  according  to  the  calculations  of  M.  Fou- 
rier, have  a  temperature  much  inferior  to  that  of  freezing  water. 

AAer  the  geographical  revolution  above  assumed,  the  climate  of  eqiu- 
noctial' lands  might  be  brought  at  last  to  resemble  that  of  the  present  tem- 
perate zone,  or  perhaps  be  far  more  wintry.  They  who  should  then  in- 
habit such  small  isles  and  coral  reefs  as  are  now  seen  in  the  Indian  Ocean 

*  See  Scoretby't  Arctic  Regions,  vol.  i.  p.  378.  t  Ibid.  p.  3S0. 
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and  South  Pacific,  would  wonder  that  zoophytes  of  large  dimensions  had 
once  been  so  prolific  in  their  seas ;  or  if,  perchance,  they  found  the  wood 
and  fruit  of  the  cocoa-nut  tree  or  the  palm  silicified  by  the  waters  of  some 
ancient  mineral  spring,  or  encrusted  wtih  calcareous  matter,  they  would 
muse  on  the  revolutions  which  had  annihilated  such  genera,  and  replaced 
them  by  the  oak,  the  chestnut  and  the  ,piue.  With  equal  admiration  would 
they  compare  the  skeletons  of  their  small  lizards  with  the  bones  of  fossil 
alligators  and  crocodiles  more  than  twenty  feet  in  length,  which,  at  a 
former  epoch,  had  multiplied  between  the  tropics :  and  when  they  saw 
a  pine  included  in  an  iceberg,  drifted  from  latitudes  which  we  now  caU 
temperate,  they  would  be  astonished  at  the  proof  thus  afforded,  that  forests 
had  once  grown  where  nothing  could  be  seen  in  their  own  times  but  a 
wilderness  of  snow. 

If  the  reader  hesitate  to  suppose  so  extensive  an  alteration  of  tempera- 
ture as  the  probable  consequence  of  geographical  changes,  confined  to  one 
hemisphere,  he  should  remember  how  great  are  the  local  anomalies  in 
climate  now  resulting  from  the  peculiar  distribution  of  land  and  sea  in 
certain  regions.  Thus,  in  the  island  of  South  Georgia,  before  mentioned 
(p.  119),  Captain  Cook  found  the  everlasting  snows  descending  to  the 
level  of  the  sea,  between  lat.  54°  and  65°  S. ;  no  trees  or  shrubs  were  to 
be  seen,  and  in  summer  a  few  rocks  only,  after  a  partial  melting  of  the 
ice  and  snow,  were  scantily  covered  with  moss  and  tufts  of  grass.  If 
such  a  climate  can  now  exist  at  the  level  of  the  sea  in  a  latitude  corres- 
ponding to  that  of  Yorkshire,  in  spite  of  all  those  equalizing  causes  before 
enumerated,  by  which  the  mixture  of  the  temperatures  of  distant  regions 
is  facilitated  throughout  the  globe,  what  rigours  might  we  not  anticipate 
in  a  winter  generated  by  the  transfer  of  the  mountains  of  India  to  our 
arctic  circle ! 

But  we  have  still  to  contemplate  the  additional  refrigeration  which 
might  be  effected  by  changes  in  the  relative  position  of  land  and  sea  in 
the  southern  hemisphere.  If  the  remaining  continents  were  transferred 
from  the  equatorial  and  contiguous  latitudes  to  the  south  polar  regions, 
the  intensity  of  cold  produced  might,  perhaps,  render  the  globe  unin- 
habitable. We  are  too  ignorant  of  the  laws  governing  the  direction  of 
subterranean  forces,  to  determine  whether  such  a  crisis  be  within  the 
limits  of  possibility.  At  the  same  time,  it  may  be  observed,  that  no  dis- 
tribution of  land  can  well  be  imagined  more  irregular,  or,  as  it  were, 
capricious,  than  that  which  now  prevails ;  for  at  present,  by  drawing  a 
line  in  a  particular  direction,  tlie  globe  may  be  divided  into  two  equal 
parts,  in  such  a  manner,  that  one  hemisphere  shall  be  entirely  covered 
with  water,  with  the  exception  of  some  promontories  and  islands,  while 
the  other  shall  contain  less  water  than  land  ;  and,  what  is  still  more  extra- 
ordinary, on  comparing  the  extratropical  lands  in  the  northern  and  southern 
hemispheres,  the  lands  in  the  northern  are  found  to  be  to  those  in  the 
Vol.  L— R 
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Mothera  in  ih€  propOHion  of  thirteen  to  one  I*  To  imagine  «I1 
thereforoy  in  high*  and  all  the  sea  in  low  laUtndea,  as  delinoatod  fai  Un 
annexed  plate  (PL  L)t  wmild  soarcely  be  a  more  anomalouft  etatfeJff-llN 
earfaee. 

P69itian  of  land  and  bw  which  might  give  ri$e  to  the  ttlMne  ^ 
heat. *^hti  xlb  now  tarn  from  tlie  contemplation  of  the  winier  if  Un' 
**  great  year»'*  and  consider  the  opposite  train  of  eiteamstaaeeB  wtUk 
woold  bring  on  the  spring  and  summer.  To  imagine  all  the 
collected  together  in  eqoatorial  latitudes,  and  a  few  promontoiiee 
project  beyond  the  thirtieth  parallel,  as  represented  in  the 
(Fig.  1 .  PL  L),  would  be  undoubtedly  to  suppose  an  extreme  reeult  i 
gical  change.  But  if  wc  consider  a  mere  approximation  to  soeh  e 
things,  it  would  be  sufficient  to  cause  a  general  elevation  of  tei 
Nor  can  it  be  regarded  as  a  visionary  idea,  that,  amidst  the  reTelottaief 
the  earth's  surface,  the  quantity  of  land  should,  at  certain  periDd%  tarn 
been  simuluneously  lessened  in  the  vicinity  of  both  the  polce»  wti 
increased  within  the  tropics.  We  must  recollect  that  even  now  it  is 
necessary  to  ascend  to  the  height  of  fifteen  thousand  feet  in  the  Aedas 
under  the  line,  and  in  the  Himalaya  mountains,  which  are  whheol  the 
tropic,  to  seventeen  tiiousand  feet,  before  we  reach  the  limit  of  poapelnal 
snow.  On  the  northern  slope,  indeed,  of  the  Himalajra  rangOt  when  the 
heat  radiated  from  a  great  continent  moderates  the  cold,  there  aie  Mi- 
dows  and  cultivated  land  at  an  elevation  equal  to  the  height  of  Mont 
Blanc.t  If,  then,  there  were  no  arctic  lands  to  chill  the  atmospheret  eed 
freeze  the  sea,  and  if  the  loftiest  chains  were  near  the  line,  it  seema  lee* 
Bonable  to  imagine  that  the  highest  mountains  might  be  clothed  with  a 
rich  vegetation  to  their  summits,  and  that  nearly  idl  signs  of  frost  woqU 
disappear  from  the  earth. 

When  the  absorption  of  the  solar  rays  was  in  no  region  impededy 
in  winter,  by  a  coat  of  snow,  the  mean  heat  of  the  earth's  eruat 
augment  to  a  considerable  depth,  and  springs,  which  we  know  tobe  ia 
general  an  index  of  the  mean  temperature  of  the  climate,  wooU  bo 
wanner  in  all  latitudes.  The  waters  of  lakes,  therefore,  and  riveiSt 
would  be  much  hotter  in  winter,  and  would  be  never  chilled  in  amnner 
by  melted  snow  and  ice.  A  remarkable  uniformity  of  climate  would  pfe* 
vail  amid  the  archipelagos  of  the  temperate  and  polar  oceans,  where  the 
tepid  waters  of  equatorial  currents  would  freely  circulate*  The  general 
humidity  of  the  atmosphere  would  far  exceed  that  of  the  present  period, 
for  increased  heat  would  promote  evaporatiou  in  all  parts  of  the  globe. 
The  winds  would  be  first  heated  in  their  passage  over  the  tropical  plainff 
and  would  then  gather  moisture  from  the  surface  of  the  deep,  till,  charged 
with  vapour,  they  arrived  at  extreme  northern  and  southern  regions, 

*  Humboldt  on  Isothennal  Lines. 

t  Humboldt,  Tableaux  de  U  Nature,  tom.  i.  p.  119. 
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there  eneoanteriiig  a  cooler  atmoipheiOt  dieehaifod  their  hmden-in  wem 
rmin.  If,  during  the  long  night  of  a  polar  wiBter»  the:  aoowa  aboold 
whiten  the  summit  of  some  arctic  ielandst  they  would  be  disaolved  aa 
rapidly  by  the  returning  aun,  as  are  the  anowa  of  Etna: by. the.  biaala 
of  the  airocoo. 

We  learn  from  thoae  who  have  studied  the  geographical  diatribuliea  of 
plants,  that  in  very  low  latitudes,  at  preaent,  the  TCgetation  of-  email 
islands  remote  from  continents  has  a  peculiar  charaeter;  the  fame  and 
allied  familiea,  in  particular,  bearing  a  great  proportion  to  the  total  number 
of  other  plants.  Other  circumstancea  being  the  same,  the  more  remote 
the  islea  are  from  the  continenta,  the  greater  doea  thia  proportion  become. 
Thus,  in  the  continent  of  India,  and  the  tropical  parts  of  new  Hollandt 
the  proportion  of  ferns  to  the  pliienogamoaa  plants  is  only  aa  one  to 
twenty-six;  whereas,  in  the  South-Sea  Islanda,  it  ia  aa  one. to  ibur,  or 
even  as  one  to  three.* 

We  might  expect,  therefore,  in  the  summer  of  the  M  great  year,'^  whieh 
we  are  now  considering,  that  there  would  be  a  predominance  of  tree^feraa 
and  planta  allied  to  palma  and  arborescent  grasses  in  the  islands  of  the 
wide  ocean,  while  the  dicotyledonoua  plants  and  other  forms  now  most 
common  in  temperate  regions  would  almost  disappear  from  the  earth. 
Then  might  those  genera  of  animala  return,  of  which  the  memorials  are 
preserved  in  the  ancient  rocks  of  our  continents.  The  huge  iguanodon 
might  reappear  in  the  woods,  and  the  ichthyosaur  in  the  sea,  while  the 
pterodactyle  might  flit  again  through  umbrageous  groves  of  tree-ferns. 
Coral  reefs  might  be  prolonged  once  more  beyond  Uie  arctic  circle,  where 
the  whale  and  the  narwal  now  abound ;  and  droves  of  turtles  might  wan- 
der again  through  regions  now  tenanted  by  the  walrus  and  the  aeal. 

But,  not  to  indulge  too  far  in  these  speculations,  I  may  observe,  in  con* 
elusion,  that  however  great,  during  the  lapse  of  ages,  may  be  the  vicissi- 
tudes of  temperature  in  every  zone,  it  accords  with  this  theory  that  the 
general  climate  should  not  experience  any  sensible  change  in  the  course 
of  a  few  thousand  years  ;  because  that  period  is  insufficient  to  afiect  the 
leading  featurea  of  the  phyaical  geography  of  the  globe.  Notwithstanding 
the  apparent  uncertainty  of  the  seasons,  it  is  found  that  the  mean  tem- 
perature of  particular  localities  is  very  constant,  when  observations  made 
for  a  sufficient  series  of  years  are  compared. 

Yet  there  must  be  exceptions  to  this  rule,  and  even  the  labours  of  man 
have,  by  the  drainage  of  lakes  and  marshes,  and  the  felling  of  extensive 
forests,  caused  such  changes  in  the  atmosphere  as  greatly  to  raise  our 
conception  of  the  more  important  influence  of  those  forces  to  which,  in 
certain  latitudes,  even  the  existence  of  land  or  water,  hill  or  valley,  lake 
or  sea,  must  be  ascribed.    If  we  possessed  accurate  information  of  the 

**  Ad.  Bron|riu«rt,  CoDiid.  <Mita]ei  svr  la  Mat  da  la  V^gdt  Ae.  Asm.  dss 
Soiiaees  Nat.  Nov.  18aB. 
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amount  otloeal  flactuation  in  climate  in  the  conne  of  twenty  centnrleavit 
would  oAen,  undoubtedly,  be  considerable.  Certain  tracts,  for  exanpk, 
on  the  coast  of  Holland  and  of  England,  consisted  of  cultivated  land  in  the 
time  of  the  Romans,  which  the  sea,  by  gradual  encroachments,  has  it 
length  occupied.  Here,  at  least,  a  slight  alteration  has  been  effected;  (at 
neither  the  distribution  of  heat  in  the  different  seasons,  nor  the  mean  an- 
nual temperature  of  the  atmosphere  investing  the  sea,  is  precisely  the 
same  as  that  which  rests  upon  the  land. 

In  those  countries,  also,  where  earthquakes  and  volcanos  are  in  fall 
activity,  a  much  shorter  period  may  produce  a  sensible  variation.  The 
climate  of  the  once  fertile  plain  of  Malpais  in  Mexico  must  differ  mateii* 
ally  from  that  which  prevailed  before  the  middle  of  the  last  centnry ;  for, 
since  that  time,  six  mountains,  the  highest  of  them  rising  sixteen  hundred 
feet  above  the  plateau,  have  been  thrown  up  by  volcanic  eruptions.  It  is 
by  the  repetition  of  an  indefinite  nnmber  of  such  local  revolutions,  and  by 
slow  movements  extending  simultaneously  over  wider  areas,  as  will  be 
afterwards  shown,  that  a  general  change  of  climate  may  finally  be  brougfal 
about. 


CHAPTER  VIII. 

PARTUER    EXAMINATION  OF    THE    QUESTION   AS    TO    THE    DISCORHAJfCK   Of 
THE   ANCIENT   AND   MODERN   CAUSES   OF   CHANGE. 

Whether  the  geographical  features  of  the  northern  hemisphere,  at  the  period  of  the 
deposition  of  the  oldest  fossiliferous  strata,  were  such  as  might  have  given  rite  to 
an  extremely  hot  climate — State  of  the  surfkce  when  the  grey  wack^,  or  tramitioa 
formations,  originated — State  of  the  same  when  the  mountain  limestone,  ooal-tand* 
stones,  and  coal  were  deposited  (p.  135.) — Changes  in  physical  geography,  between 
the  carboniferous  period  and  the  chalk — Abrupt  transition  from  the  secondary  to 
the  tertiary  fossils  (p.  137.) — Accession  of  land,  and  elevation  of  mountain  chains, 
aAer  the  consolidation  of  the  secondary  rocks — Explanation  of  Map,  showing  the 
area  covered  by  sea,  since  the  commencement  of  the  tertiary  period  (p.  141.)-— 
Remarks  on  the  theory  of  the  diminution  of  central  heat  (p.  14 5.)-^ Astronomical 
causes  of  fluctuations  in  climate  (p.  147.) 

Whether  the  geographical  features  of  the  northern  hemisphere^  at  the 
period  of  the  deposition  of  the  oldest  fossiliferous  strata,  were  such  as 
might  have  given  rise  to  an  extremely  hot  climate. — In  the  sixth  chapter, 
I  stated  the  arguments  derived  from  organic  remains  for  concluding  that 
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the  mean  annual  temperature  of  the  northern  hemisphere  was  considerably 
more  elevated  when  the  ancient  carboniferous  strata  were  deposited  than 
it  is  at  present ;  as  also  that  the  climate  had  been  modified  more  than  once 
since  that  epoch,  and  that  it  had  been  reduced  by  successiye  changes 
more  and  more  nearly  to  that  now  prevailing  in  the  same  latitudes.  Far^ 
ther«  I  endeavoured,  in  the  last  chapter,  to  prove  that  vicissitudes  in  cli- 
mate of  no  less  importance  may  be  expected  to  recur  in  future,  if  it  be 
admitted  that  causes  now  active  in  nature  have  power,  in  the  lapse  of 
ages,  to  produce  considerable  variations  in  the  relative  position  of  land 
and  sea.  It  remains  to  inquire  whether  the  alterations,  which  the  geolo- 
gist can  prove  to  have  aciualiy  taken  place  at  former  periods,  in  the  geo- 
graphical features  of  the  northern  hemisphere,  coincide  in  their  natuie^ 
and  in  the  time  of  their  occurrence,  with  such  revolutions  in  climate  aa 
would  naturally  have  resulted,  according  to  the  meteorological  principles 
already  explained. 

The  oldest  system  of  rocks  which  afford  by  their  organic  remains  any 
decisive  evidence  as  to  climate,  or  the  former  position  of  land  and  sea, 
are  those  generally  known  as  the  tranHtioHf  or  greywacki^  formations. 
These  have  been  found  in  England,  France,  Germany,  Sweden,  Russia, 
and  other  parts  of  central  and  northern  Europe,  as  also  in  the  great  Lake 
district  of  Canada  and  the  United  States  ;  and  they  appear  to  have  been 
deposited  in  a  sea  of  considerable  extent.  The  fossils  have  been  regarded 
by  many  naturalists  as  indicating  a  greater  uniformity  in  the  species  of 
marine  animals  inhabiting  the  sea  at  that  early  period  than  would  now  be 
found  to  prevail  in  a  similar  extent  of  ocean.  The  number  and  magnitude 
of  the  multilocular  or  chambered  univalves,  and  of  the  corals,  obtained 
from  the  limestones  of  this  group,  recal  the  forms  now  most  largely  d»> 
▼eloped  in  tropical  seas.  Hitherto  few  vegetable  remains  have  been 
noticed,  but  such  as  are  mentioned  are  said  to  agree  more  nearly  with  the 
plants  of  the  carboniferous  era  than  any  other,  and  would  therefore  kni^y 
a  tropical  and  humid  atmosphere.* 

Carhoniferout  group, — ^This  group  comes  next  in  the  order  of  succes- 
sion, and  one  of  its  principal  members,  the  mountain  limestone,  was  evi- 
dently a  marine  formation,  as  is  shown  by  the  shells  and  corals  which  it 
contains.  That  the  ocean  of  that  period  was  of  considerable  extent  in 
our  latitudes,  we  may  infer  from  the  continuity  of  these  calcareous  strata 

*  Mr.  Murchison,  during  hit  inTestigations  of  the  Engliah  and  Welsh  transition 
rocks,  has  not  met  with  any  Tegetable  remains  of  land  plants ;  bat  MM.  Elie  de 
Beaumont,  Virlet,  and  de  la  Becbe,  have  pointed  out  places  where  they  occur  in 
members  of  that  series.  Mr.  Weaver  also  formerly  supposed  that  the  coal  and  coal- 
plants  of  Munster,  in  Ireland,  belonged  to  the  transition  rocks ',  but  he  has  lately  re- 
tracted his  opinion,  and  believes  that  the  coal  and  plants  alluded  to  occur  in  the 
carboniferous  series. 


/ 


r 


v/ 


184  CHANGES  or  THE  WJtFACE  fflMki 

oyer  large  areat.  The  fame  group  appears  also  U>  have  been  tfacediBat 
only  through  different  parts  of  Europe,  but  also  in  North  Avieiioi^ 
towards  the  borders  of  the  arctic  sea.* 

Tlie  coal  itself  is  admitted  to  be  of  Togetable  origin,  and  the  state  of  fti 
plants,  and  the  beautiful  preservation  of  their  leaves  in  the  aecpapaBjfiai 
shales,  precludes  the  idea  of  their  having  been  floated  from  groat  distaneis 
As  the  species  were  evidently  terrestrial,  we  must  suppose  thai  eomt  diy 
land  was  not  far  distant;  and  this  opinion  is  confirmed  by  the  shells  fimd 
in  some  strata  of  the  Newcastle  and  Shropshiro  coal*fielda«t  TImss 
shells,  which  are  chiefly  found  in  the  upper  coal*measures,  are  rrisnUs 
to  freshwater  genera,  and  lived,  perhaps,  in  lakes  or  small  estoaiias. 
There  are  some  regions  in  the  northern  parts  of  England  and  Seothsl 
where  the  marine  mountain  limestone  alternates  with  strata  cimtsiniag 
coal.  Such  an  arrangement  of  the  beds  may  possibly  have  been  pr^ 
duced  by  the  alternate  rising  and  sinking  of  large  tracts,  which  weni  fint 
laid  dry,  and  then  submerged  again.  The  land  of  that  period  appeals  to 
have  consisted  in  part  of  granitic  rocks,  the  waste  of  which  may  have 
produced  the  coarse  sandstones,  such,  for  example,  as  the  millstono»grit 
Volcanic  rocks,  however,  were  not  wanting,  as  in  Scotland,  for  ennpls, 
in  the  present  basins  of  the  Forth  and  Tay,  where  they  seem  to  have 
been  poured  out  on  the  bottom  of  the  sea  during  the  accumulation  of  the 
carboniferous  strata. 

The  arrangement  of  the  sandstones  and  shales  in  this  group  has  besa 
tliought  by  some  geologists,  as  by  MM.  Sternberg,  Bou^,  and  Adolpbs 
Brongniart,  to  favour  the  hypothesis  of  the  strata  having  resulted  from 
the  waste  of  small  islands  placed  in  rows,  and  forming  the  highest  points 
of  submarine  mountain  chains.  The  disintegration  of  such  clustefs  of 
islands  might  produce  around  and  between  them  detached  depositSf 
which,  when  subsequently  raised  above  the  waters,  might  resemble  the 
strata  formed  in  a  chain  of  lakes ;  for  the  boundary  heights  of  such  sppa* 
rent  lake-basins  would  be  formed  of  the  rocks  once  constituting  the 
islands,  and  tliey  might  still  continue,  after  their  elevation,  to  preserve 

*  It  appears  from  the  obiervations  of  Dr.  BJchardsoD,  made  daring  the  expeditioa 
under  the  command  of  Captain  Franklin  to  the  north-west  coast  of  America,  and 
from  the  specimens  presented  by  him  to  the  Greological  Society  of  London,  that, 
between  the  parallels  of  60<^  and  70^  north  latitude,  there  is  a  great  calcareoos  form- 
ation, stretching  towards  the  mouth  of  the  Mackenzie  river,  in  which  are  incloded 
corallines,  prodacto?,  terebratuln,  &c.  having  a  close  affinity  in  generic  character  to 
those  of  our  mountain  limestone,  of  which  the  group  has  been  considered  the  e^iii« 
valent.  There  is  also  in  the  same  region  a  newer  series  of  strata,  in  which  an 
■hales  with  impressions  of  ferns,  lepidodendrons,  and  other  vegetables,  and  also 
ammonites. — Proceedings  of  Oeol.  Soe.  No.  7,  p.  68.    March f  ld28. 

t  See  Mr.  W.  Hatton,  Fom.  Flora  of  Great  Brit.  Preface,  and  Mr.  Marchisoo's 
papers  on  Shropshire,  &c. 
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their  relative  superiority  of  height,  add  to  sUnoand  the  newer  strata  on 
soTeral  sides.* 

This  idea  is  also  confirmed  bj  the  o{>inion  of  raanj  botaaistn  who  hav6 
studied  with  care  the  vegetation  of  the  carbbnifereus  period,  and  who 
dedare  that  it  possesses  the  character  of  an  -insalar  flora,  such  as  might 
be  looked  for  in  islands  seattered  throngh  a  wide  ocean  in  a  tropical  and 
humid  climate. 

There  is,  as  yet,  no  well-authenticated  instance  of  the  remains  of  a  sau^ 
nan  animal  having  been  found  in  a  member  of  the  carboniferous  series.t 
Now  the  larger  oviparous  reptiles  usually  inhabit  rivers  of  considerable 
size  in  warm  latitudes ;  and  had  crocodiles  and  other  imimals  of  that  class 
been  abutidtat  in  a  ibssil  states  as4n  some  of  the  newer  aeoondary  format' 
tions,  we  must  have' inferred  the  eitistenee  of  riverit  which  could  only 
have  drained  large  tracts  of  land.  Nor  have  the  boties  of  any  terrestrial 
mammalia  rewarded  our  investigations.  Their  absenoe  may  be  regarded 
by  some  geologists  as  corroborating  the  theory  of  the  non-existence  6f 
the  higher  orders  of  animals  in  the  earlier  ages:  but  the  circumstance  . y — 
may,  perhaps,  be  connected  with  the  geographical  condition  of  the 
northern  hemisphere  at  that  time ;  for  it  is  a  general  character  of  small 
islands  remote  from  continents,  to  be  altogether  destitute  of  land  quadru- 
peds>  except  such  as  appear  to  have  been  conveyed  to  them  by  man. 
Kerguelen's  land,  which  is  of  no  inconsiderable  size,  placed  in  lat.  49^ 
30'  fik,  a  parallel  corresponding  to  that  of  the  Scilly  islands,  may  be 
cited  as  an  eitimple,  as  may  all  the  groups  of  fertile  islands  in  the  Pacific 
Ocean  between  the  tropics,  where  no  quadrupeds  have  been  found,  except 
the  dog,  the  hog,  and  the  rat,  which  have  probably  been  brought  io  them 
by  the  natives,  and  also  bats,  which  may  have  made  their  way  along  the 
chain  of  islands  extending  from  the  shores  of  New  Guinea  far  into  the 
somhem  Paeificj:  Even  the  islands  of  New  Zealand,  which  may  be 
compared  to  Ireland  and  Scotland  in  dimensions,  appear  to  possess  no 
indigenous  quadnipedsi  except  the  bat ;  and  this  becomes  the  more 
striking,  when  we  recollect  that  the  northern  extremity  of  New  Zealand 
stretches  to  latitude  34^,  where  the  warmth  of  the  climate  must  greatly 
favour  the  prolific  development  of  organic  life. 

So,  far,  then,  the  examination  of  the  phenomena  exhibited  by  the  grey- 
wack^  and  carboniferous  groups  accord  well  with  the  prevalence  of  such 
a  sule  of  physical  geography  in  the  northern  hemisphere  as  would  have 

*  See  sbfhe  ingenious  tpeoolatldiit  to  this  effect,  in  the  work  of  M.  Ad.  Brong^ 
niart,  Coniid.  G^n^rmlet  lur  la  Nat  de  la  V^^t.,  dkc,  Ann.  des  Sci.  Nat.  Nov. 

18B8. 

t  The  tnppoeed  ■amrian  teeth  foand  by  Dr.  HIbbert  in  the  carboniferous  limestono 
of  Burdie  House,  near  Edinburgh,  have  since  been  clearly  referred  by  Dr.  Agassis 
to  aauroidal  fish. 

I  Prichard's  Phys.  Hist  of  Man.,  vol.  i.  p.  75. 
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given  rise  to  a  hot  and  nniform  climate.  The  subaqueoas  aspect  ot  ths 
igneous  products — the  continuity  of  marine  deposits  over  vast  apacei 
the  basin-shaped  disposition  of  the  fragmentary  rocks — the  insular  cha- 
racter of  the  flora — the  absence  of  large  fluviatile  reptiles  and  of  land 
quadrupeds, — all  concur  to  establish  the  fact  of  the  northern  hemispheie 
having  been  pervaded  by  a  great  ocean,  interspersed,  like  the  sonth 
Pacific,  with  small  islets  or  lands  of  moderate  dimensions,  and  with  umh 
lar  or  submarine  volcanos. 

Changes  in  phyncal  geography  between  the  formaiion  of  ike  carbo' 
niferoiu  strata  and  the  chalk. — We  have  evidence  in  England  thai  the 
strata  of  the  ancient  carboniferous  group,  already  adverted  to»  weffe«  in 
many  instances,  fractured  and  contorted,  and  often  thrown  into  a  Tenical 
position  before  the  deposition  of  some  of  the  newer  secondary  loekSi  rack 
as  the  new  red  sandstone. 

Fragments  of  the  older  formations  are  sometimes  included  in  the  con- 
glomerates of  the  more  modem ;  and  some  of  these  fragments  still  letain 
their  fossil  shells  and  corals,  so  as  to  enable  us  to  determine  the  parent 
rocks  from  whence  they  were  derived.*  There  are  other  proofs  of  the 
disturbance  at  successive  epochs  of  different  secondary  rocks  before  the 
deposition  of  others;  and  satisfactory  evidence  that,  during  these  reiterated 
convulsions,  the  geographical  features  of  the  northern  hemisphere  were 
frequently  modified,  and  that  from  time  to  time  new  lands  emerged  from 
the  deep.  The  vegetation  during  some  parts  of  the  period  in  question 
(from  the  lias  to  the  chalk  inclusive),  appears  to  have  approached  to  that 
of  the  larger  islands  of  the  equatorial  zone ;  such,  for  example,  as  we  now 
find  in  the  West  Indian  archipelago.t  These  islands  appear  to  have  been 
drained  by  rivers  of  considerable  size,  which  were  inhabited  by  crocodiles 
and  gigantic  oviparous  reptiles,  both  herbivorous  and  carnivorous,  belongs 
ing  for  the  most  part  to  extinct  genera.  Of  the  contemporary  inhabitants 
of  the  land  we  have  as  yet  acquired  but  scanty  information,  but  we  know 
that  there  were  flying  reptiles,  insects,  and  small  mammifera,  allied  to  the 
oppossum. 

When  describing  the  Wealden,  one  of  the  upper  members  of  the  great 
secondary  series,  and  evidently  of  freshwater  origin,  I  shall  point  out  the 

*  Thus,  for  example,  on  the  banks  of  the  Avon,  in  the  Bristol  coal-field,  the  dolo- 
mitic  conglomerate,  a  rock  of  an  age  intermediate  between  the  carboniferous  series 
and  the  lias,  rests  on  the  truncated  edges  of  the  coal  and  mountain  limestone,  and 
contains  rolled  and  angular  fragments  of  that  limestone,  in  which  its  characteristio 
mountain-limestone  fossils  are  seen.  For  accurate  sections  illustrating  the  disturb- 
ances which  rocks  of  the  carboniferous  series  underwent  before  the  newer  red  sand- 
stone was  formed,  the  reader  should  consult  the  admirable  memoir  of  the  soath- 
western  coal  district  of  England,  by  Dr.  Buckland  and  Mr.  Conybeare,  Geol.  Trans. 
▼ol.  i.  second  series. 

t  Ad.  Brongniart,  Consid.  G^n^rales  sur  la  Nat.  de  la  V^g^t.,  &c.  Ann.  dec  8ei. 
Nat.,  Nov.  1828. 
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reasons  which  incline  mt  to  believe  ihat»  when  those  strata  originated i  a 
large  continent  advanced  very  near  to  the  space  now  occupied  byabesoulbr 
eastern  extremity  of  England.  A  river,  equal,  perhaps,  in  sizf  to  .tJifi; 
Ganges  or  tlic  Indus,  seems  to  have  continued  to  pour  its  turbid  wjatexf, 
for  ages  into  the  sea  in  those  latitudes,  at  the:  period  referred  jLo.^ 

It  might  at  first  appear,  that  the  position  of  a  continent  so  far  to  ihvi 
north,  as  the  coanties  of  Surrey  and  Sussex,  at  a  time  when  the  mcaa. 
temperature  of  the  climate  is  supposed  to- have  been  much  hotter  than  a|i 
present,  is  inconsistent  with  the  theoryi  before  explained,  that : the  heatt 
was  caused  by  the  gathering  together  of  all  the  great. masses  of  land  in, 
low  latitudes,  while  the  pplar  regions  were  almost  entifiely  sea*.  But  pro«i 
yided  that  none  of  the  land  was  arctic  or  antarctic,  and  a  large  part  of  th# 
continents  intratropical,  considerable  elevation  of  temperature  may  he 
presumed  to  result,  even  when  large  continental  tracts  were  prolooged 
from  the  equatorial  to  the  temperate  zone. 

Change*  during  the  tertiary  perioda.'^li  will  be  seen  hereafter .  thai 
the  Maestricht  beds  are  classed  as  the  newest  of  the  secondary  series  ;t 
and  the  fossils  of  that  group,  including  the  remains  of  gigantic,  reptiles, 
indicate  the  prevalence  of  a  very  hot  climate.  Between  this  uppermost 
member  of  the  secondary  series,  and  the  oldest  of  Uie  newer  class  of  for- 
mations called  tertiary,  there  is  a  remarkable  discordance  as  to  apeeies  of 
organic  remains,  none  having  yet  been  found  common  to  both.  Thii 
abrupt  transition  from  one  set  of  fossils  to  anotlier,  is  also  aoeom panted 
by  evident  signs  of  a  change  of  climate ;  the  older  tertiary  species  having 
a  far  less  tropical  aspect  than  those  found  fossil  in  the  newest  seeondary 
group. 

Nor  are  there  wanting  signs  of  a  decided  coincidence  between  this 
alteration  of  climate,  and  geographical  changes  which  occurred  between 
the  formation  of  the  cretaceous  series  and  that  of  Uie  older  tertiary  groupi:^ 
On  comparing  the  tertiary  formations  of  diflerent  ages,  we  may  trace  « 
gradual  approximation  in  the  embedded  fossils  from  an  assemblsge  iot 
which  extinct  species  predominate,  to  one  where  the  species  agree  for  the 
most  part  with  those  now  existing.  In  other  words,  we  find  a  gradual 
increase  of  animals  and  plants  fitted  for  our  present  climates,  in  proportion 
as  the  strata  which  we  examine  are  more  modern.  Now,  during  all  these 
successive  tertiary  periods,  there  are  signs  of  a  great  increase  of  land  in 
European  latitudes.  By  reference  to  the  map  (PI.  II.),  and  iu  descrip- 
tion, p.  141,  the  reader  will  see  how  great  have  been  the  physical  rcvo* 
lutions  which  have  occurred  since  the  commencement  of  the  tertiary 
period. 

*  See  Book  iv.  chap,  xxiii.  t  Ibid. 

t  See  chaps,  xzi.  and  auii.  Book  iv.  on  the  period  of  the  elsvatioB  of  the  chalk  of 
theS.  £.  of  England. 
Vol.  I." 
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In  the  present  state  of  Europe,  the  chalk  and  associated  atratm  are  of 
considerable  extent,  and  sometimes  rise  to  the  summits  of  loAy  movii* 
tains.  As  all  the  members  of  this  group  contain  almost  exclusivelj  ma- 
rine remains,  it  follows  that  every  tract  which  they  now  occupy  hsst 
since  tlieir  origin,  been  converted  from  sea  into  land,  and,  in  some  casesy 
from  deep  sea  to  mountains  of  great  altitude.  We  cannot  doubt  that  pait 
of  the  changes  alluded  to  happened  before  the  older  tertiary  strata  origi- 
nated ;  because  these  last  consist,  in  a  great  degree,  of  the  mins  of  the 
newer  secondary  rocks;  which  must  therefore  have  been  raised  and  ex* 
posed  to  aqueous  erosion  before  the  derivative  beds  were  formed.  It  will 
moreover  be  seen  in  the  fourth  book  (chap,  iii.),  that  the  secondary  and 
tertiary  formations,  considered  generally,  may  be  contrasted  as  having 
very  different  characters;  the  one  appearing  to  have  been  deposited  in 
open  seas,  the  other  in  regions  where  dry  land,  lakes,  bays,  and  perhaps 
inland  seas,  abounded.  The  secondary  series  is  almost  excluaively  ma- 
rine; the  tertiary,  even  the  oldest  part,  contains  lacustrine  strmta,  and  not 
unfrequently  freshwater  and  marine  beds  alternating. 

Nov.%  the  facts  depicted  in  the  map  (PI.  II.  p.  141),  demonstrate  that 
about  two-thirds  of  the  present  European  lands  have  emerged  since  the 
earliest  of  these  tertiary  groups  originated.  Nor  is  this  the  only  change 
which  the  same  region  has  undergone  within  this  comparatively  modem 
period ;  some  tracts,  which  were  previously  land,  having  gained  in  alti- 
tude, or,  on  the  contrary,  having  sunk  below  their  former  level,  withio  the 
period  alluded  to. 

The  evidence  that  this  rise  of  land  did  not  take  place  all  at  the  same 
time,  is  most  striking.  Several  lulian  geologists,  even  before  the  time 
of  Brocehi,  had  justly  inferred  that  the  Apennines  were  elevated  several 
thousand  feet  above  the  level  of  the  Mediterranean,  before  the  deposition 
of  the  recent  Subapennine  beds  which  flank  them  on  either  side.  What 
now  constitutes  the  central  calcareous  chain  of  the  Apennines  must  for 
a  long  time  have  been  a  narrow  ridgy  peninsula,  branching  oflT,  at  its 
northern  extremity,  from  the  Alps  near  Savona.  This  peninsula  has 
since  been  raised  from  1000  to  2000  feet,  by  which  movement  the 
ancient  shores,  and,  for  a  ceruin  extent,  the  bed  of  the  contiguous  sea, 
have  been  laid  dry,  both  on  the  side  of  the  Mediterranean  and  the 
Adriatic. 

The  nature  of  these  vicissitudes  will  be  explained  by  the  accompany- 
ing diagram,  which  represents  a  transverse   section   across   the  Italian 

A 

Fig.  4, 
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peninsula.  The  inclined  strata  A  are  the  disturbed  formations  of  the 
Apennines  into  which  the  ancient  igneoas  rocks  a  are  supposed  to  have 
intruded  themselves.  At  a  lower  level  on  each  flank  of  Uie  chain  are  the 
more  recent  shelly  beds  b  bf  which  oAen  contain  rounded  pebbles 
derived  from  the  waste  of  contiguous  parts  of  the  older  Apenniiie  lime- 
stone. These,  it  will  be  seen,  are  horizontal,  and  lie  in  what  is  termed 
**  unconformable  stratification  "  on  the  more  ancient  series.  They  now 
constitute  a  line  of  hills  of  moderate  elevation  l^tween  the  sea  and  the 
Apennines,  but  never  penetrate  to  the  higher  and  more  ancient  valleys  of 
that  chain. 

The  same  phenomena  are  exhibited  in  the  Alps  on  a  much  grander 
scale ;  those  mountains  being  composed  in  some  even  of  their  higher 
regions  of  newer  secondary  formations,  while  they  are  encircled  by  a 
great  zone  of  tertiary  rocks  of  different  ages,  both  on  their  southern  flank 
towards  the  plains  of  the  Po,  and  on  the  side  of  Switzerland  and  Austria, 
and  at  their  eastern  termination  towards  Styria  and  Hungary.*  This 
tertiary  zone  marks  the  position  of  former  seas  or  gulfs,  like  the  Adriatic, 
which  were  many  thousand  feet  deep,  and  wherein  masses  of  strata  accu- 
mulated, some  single  groups  of  which  seem  scarcely  inferior  in  thickness 
to  the  whole  of  our  secondary  formations  in  England.  These  marine 
tertiary  strata  have  been  raised  to  the  height  of  from  2000  to  4000  feet, 
and  consist  of  formations  of  difierent  ages,  characterized  by  diflerent 
assemblages  of  organized  fossils.  The  older  tertiary  groups  generally 
rise  to  tlie  greatest  heights,  and  form  interior  zones  nearest  to  the  central 
ridges  of  the  Alps.  Although  we  have  not  yet  ascertained  the  number  of 
diflerent  periods  at  which  the  Alps  gained  accessions  to  their  height  and 
width,  yet  we  can  affirm,  that  the  last  series  of  movements  occurred  when 
the  seas  were  inhabited  by  many  existing  species  of  animals. 

We  may  imagine  some  future  series  of  convulsions  once  more  to  heave 
up  this  stupendous  chain,  together  with  the  adjoining  bed  of  the  sea,  so 
that  the  mountains  of  Europe  may  rival  the  Andes  in  elevation ;  in  which 
case  the  deltas  of  the  Po,  Adige,  and  Brenta,  now  encroaching  npon  the 
Adriatic,  might  be  uplifted  so  as  to  form  another  exterior  belt  of  consider- 
able height  around  the  south-eastern  flank  of  the  Alps. 

The  Pyrenees,  also,  have  acquired  the  whole  of  their  present  altitude, 
which  in  Mont  Perdu  exceeds  11,000  feet,  since  the  deposition  of  some 
of  the  newer  or  cretaceous  members  of  our  secondary  series.  The  gra- 
nitic axis  of  that  chain  only  attains  about  the  same  height  as  a  ridge 
formed  by  marine  calcareous  beds,  the  organic  remains  of  which  show 
them  to  be  the  equivalents  of  our  chalk  and  green-sand  series.t    'i'he  ter^ 

*  See  a  Memoir  on  the  Alps,  bj  Professor  Sedgwick  and  Mr.  Morehison.  Trans. 
of  Geol.  Soc.  second  ser.  vol.  iii.  accompanied  by  a  map. 

t  This  observation,  first  made  by  M.  Bou<,  has  been  since  confirmed  by  M. 
Dnfr^noy. 
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tiary  Btreia  &I  the  base  of  the  chain  are  raised  to  the  height  of  an\j  »  ftv 
hundred  feet  above  the  sea,  and  retain  a  horizontal  position,  withovt  pi^ 
taking  in  general  in  the  disturbances  to  "which  the  older  series  has  bsea 
snbjeeted;  so  that  the  great  barrier  between  France  and  Spain  wis 
almost  entirely  upheaved  in  the  interval  between  the  deposition  of  ike 
chalk  and  certain  tertiary  strata.  The  Jura,  also,  owes  a  great  part  of  is 
present  elevation  to  subterranean  convulsions  which  happened  after  die 
deposition  of  certain  tertiary  groups.* 

The  remarkable  break  above  alluded  to,  between  the  most  modern  ef 
the  known  secondary  rocks  and  the  oldest  tertiary,  may  be  in  some  me» 
sore  apparent  only,  and  ascribable  to  the  present  deficiency  of  our  inform- 
ation ;t  in  which  case  the  signs  of  the  intermediate  steps,  by  which  a 
passage  was  effected  from  one  state  of  things  to  another,  may  hereafter  be 
discovered.  Nevertheless,  it  is  far  from  impossible  that  the  inlemi 
between  the  chalk  and  tertiary  formations  constituted  an  era  in  the  earth's 
history,  when  the  transition  from  one  class  of  organic  beings  to  another 
was,  comparatively  speaking,  rapid.  For  if  the  doctrines  above  explained 
in  regard  to  vicissitudes  of  temperature  are  sound,  it  will  follow  that 
changes  of  equal  magnitude  in  the  geographical  features  of  the  globe«  OMJ 
at  different  periods  produce  very  unequal  effects  on  climate ;  and,  so  far 
as  the  existence  of  certain  animals  and  plants  depends  on  climate,  the 
duration  of  species  would  be  shortened  or  protracted,  according  to  the 
rate  at  which  the  change  of  temperature  proceeded. 

Even  if  we  assume  that  the  intensity  of  the  subterranean  distorbtDg 
forces  is  uniform  and  capable  of  producing  nearly  equal  amounts  of  altera- 
tion on  the  surface  of  the  planet,  during  equal  periods  of  time,  still  the 
rate  of  alteration  in  climate  would  be  by  no  means  uniform.  Let  us 
imagine  the  quantity  of  land  between  the  equator  and  the  tropic  in  one 
hemisphere  to  be  to  that  in  the  other  as  thirteen  to  one,  which,  as  before 
ataied,  represents  the  unequal  proportion  of  the  extra-tropical  lands  in  the 
two  hemispheres  at  present.  Then  let  the  first  geographical  change  con- 
sist in  the  shifting  of  this  preponderance  of  land  from  one  side  of  the  line 
to  the  other,  from  the  southern  hemisphere,  for  example,  to  the  northern. 
Now  this  need  not  affect  the  general  temperature  of  the  earth.  But  if, 
at  another  epoch,  we  suppose  a  continuance  of  the  same  agency  to  trans- 
y  fer  an  equal  volume  of  land  from  the  torrid  zone  to  the  temperate  and 
arctic  regions  of  the  nortliern  and  southern  hemisphere,  or  into  one  of 
them,  there  might  bo  so  great  a  refrigeration  of  the  mean  temperature  til 
all  latitudes,  that  scarcely  any  of  the  pre-existing  races  of  animals  would 
survive,  and,  unless  it  pleased  the  Author  of  Nature  that  the  planet  should 
be  uninhabited,  new  species  would  then  be  substituted  in  the  room  of  the 
extinct.     We  ought  not,  therefore,  to  infer,  that  equal  periods  of  time  are 

*  M.  Elie  de  Beaumont,  Ann.  det  Sci.  Nat,  Dee.  1829,  p.  346. 
t  See  Book  iv.  ohap.  83. 
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mmjM  sitended  by  an  equal  amount  of  change  in  organic  life,  aince  a 
«mt  flnctaation  in  the  mean  temperatare  of  the  earth,  the  moat  infla- 
itial  cawe  which  can  be  conceived  in  exterminating  whole  racea  of 
limala  and  plants,  mutt,  m  different  epochs,  require  unequal  portions  of 
one  for  its  completion. 


"(ip  tkemmg  the  extent  ofsufface  in  Europe  which  ka$  been  covered  by  water  sincetke 
^mmetwomemt  qf  the  deponti&n  of  the  older  or  Eocemo  Tertiary  strata,  (Strata  of 
al«  Pmno  and  London.  Baoino,  4^0* 


^n  Map  will  enable  the  reader  to  perceive  at  a  glance  the  great  extent 
f  change  in  the  physical  geography  of  Europe,  which  can  be  proved  to 
ave  taken  place  since  some  of  the  older  tertiary  strata  began  to  be  de- 
OMted.  The  proofs  of  submergence,  during  some  part  or  other  of  this 
eriod*  in  all  the  districts  distinguished  by  ruled  lines,  are  of  a  most 
B^mvoeal  character ;  for  the  area  thus  described  is  now  covered  by  de- 
osoti  containing  the  fossil  remains  of  animals  which  could  only  have  lived  l^^ 
ndtr  water.  The  most  ancient  part  of  the  period  referred  to  cannot  be 
eemed  very  remote,  considered  geologically ;  because  the  deposits  of  the 
*aris  and  London  basins,  of  Auvergne,  and  many  other  districts  belongs 
ig  to  the  older  tertiary  epoch,  are  newer  than  the  greater  part  of  the 
edimantary  rocks,  (those  commonly  called  secondary  and  transition,)  of 
rhieh  the  crust  of  the  globe  is  composed.  The  species,  moreover,  of 
Bsine  and  freshwater  testacea,  of  which  the  remains  are  found  in  theae 
Ader  tertiary  formations,  are  not  entirely  distinct  from  such  as  now  live ; 
I  proportion  of  more  than  three  in  a  hundred  of  the  fossils  having  been 
deiiti6ed  with  species  now  living.t  Yet,  notwithstanding  the  compara- 
ively  recent  epoch  to  which  the  retrospect  is  carried,  the  variations  in 
lit  distribution  of  land  and  sea  depicted  on  the  map  form  only  a  part  of 
lioae  which  must  have  taken  place  during  the  period  under  consideration. 
Some  approximation  has  merely  been  made  to  an  estimate  of  the  amount 
if  na  converted  into  land  in  parts  of  Europe  best  known  to  geologists  ; 
but  we  cannot  determine  how  much  land  has  become  sea  during  the  same 
period ;  and  tliere  may  have  been  repeated  interchanges  of  land  and  water 
in  the  same  places,  changes  of  which  no  account  is  taken  in  the  map,  and 
respecting  the  amount  of  which  little  accurate  information  can  ever  be 
obtained. 

I  have  extended  the  sea  in  two  or  three  instances  beyond  the  limits  of 
the  land  now  covered  by  tertiary  formations,  because  other  geological  data 
have  been  obtained  for  inferring  the  submergence  of  these  tracts  after  the 

*  Constroctad  chiefly  from  M.  Ami  Bou<*i  Geological  Map  of  Europe, 
t  See  Book  iv.  oh.  5. 
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deposition  of  the  tertiary  strata  had  begun.  Thus  I  shall  explain*  in  the 
4lh  Book,*  my  reasons  for  concludinfif  that  part  of  the  chalk  of  Englaad 
(the  north  and  south  downs,  for  example,  together  with  the  intenreniof 
secondary  tracts)  continued  beneath  the  sea  until  the  "Eocene  or  eftiliert 
tertiary  beds  had  begun  to  accumulate. 

A  strait  of  the  sea  separating  England  and  Wales  has  also  been  intro- 
duced, on  the  evidence  afforded  by  shells  of  existing  species  found  in  a 
deposit  of  gravel,  sand,  loam,  and  clay,  called  the  northern  drift  by  Mr.; 
Murchison,  who  has  traced  it  from  Lancashire  to  the  Bristol  channel,  over 
the  space  indicated  in  the  map.t  Mr.  Trimmer  has  discovered  aimilir 
recent  marine  shells  on  the  northern  coast  of  North  Wales,  and  on  Mod 
Tryfane,  near  tlie  Menai  Straits,  at  the  height  of  1892  feet  above  the  bvd 
of  the  sea  I 

Some  raised  sea-beaches,  one  of  them  at  the  mouth  of  Carlingford  Bay, 
Ireland,  in  which  recent  marine  shells  occur,  lately  observed  by  Profeseor 
Sedgwick  and  Mr.  Murchison,  have  required  an  extension  of  the  tea  over 
part  of  the  eastern  shore  of  Ireland. 

A  portion  also  of  the  primary  district  in  Brittany  is  divided  into  islands, 
because  it  has  been  long  known  to  be  covered  with  patches  of  marine 
tertiary  strata ;  and  when  I  examined  the  disposition  of  these,  in  company 
with  my  friend.  Captain  S.  E.  Cook,  R.  N.,  in  1830, 1  was  convinced 
that  the  sea  must  have  covered  much  larger  areas  than  are  now  occupied 
by  these  small  and  detached  deposits. 

The  former  connexion  of  the  White  Sea  and  the  Gulf  of  Finland  is 
proved  by  the  fact  that  a  broad  band  of  tertiary  strata  extends  throughoot 
part  of  the  intervening  space.  The  channel,  it  is  true,  is  represented  si 
somewhat  broader  than  the  tract  now  occupied  by  the  tertiary  formation; 
because  the  latter  is  bordered  on  the  north-west  by  a  part  of  Finland, 
which  is  extremely  low,  and  so  thickly  interspersed  with  lakes  as  to  be 
nearly  half  covered  with  fresh  water. 

Certain  portions  of  the  western  shores  of  Norway  and  Sweden  have 
been  left  blank,  because  the  discovery  by  Von  Buch,  Brongniart,  and 
others  of  deposits  of  recent  shells  along  the  coasts  of  those  countries,  at 
several  places  and  at  various  heights  above  the  level  of  the  sea,  attests  the 
comparatively  recent  date  of  the  elevation  of  part  of  the  gneiss  and  other 
primary  rocks  in  that  country,  although  we  are  unable  as  yet  to  determine 
how  far  the  sea  may  have  extended. 

On  the  other  hand,  a  considerable  space  of  low  land  along  the  shores 
on  both  sides  of  the  Gulf  of  Bothnia,  in  the  Baltic,  is  represented  as  sea, 
because  the  gradual  rise  of  the  land  and  the  shoaling  of  the  water  on  that 
coast,  known  to  have  taken  place  during  the  historical  era,  leave  no  room 

*  Ch.  zzi.  and  xzii. 

f  See  Prooeedingi  of  Oeol.  Soe.  vol.  ii.  p.  334. 
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for  doubt  that  the  boundaries  of  the  gulf  muit  have  been  greatly  contract- 
ed within  a  comparatively  modern  period.  Beds  of  sand  and  clay  are 
also  found  far  inland  in  these  parts,  containing  fossil  shells  of  species 
now  inhabiting  the  neighbouring  seas.  A  portion  of  Scania,  and  other 
tracts  in  the  south  of  Sweden,  have  also  been  marked  with  ruled  linest 
because  they  are  covered  with  clay,  sand,  and  erratic  blocks,  which  appear- 
ed to  me,  aHer  examining  the  district,  to  be  tertiary.  If  the  space  over- 
spread by  such  formations  were  more  accurately  known,  the  area  repre- 
sented as  land  in  tliis  part  of  Europe,  would,  doubtlesf ,  be  much  more 
circumscribed. 

I  was  anxious,  even  in  the  title  of  this  map,  to  guard  the  reader  against 
the  supposition  that  it  was  intended  to  represent  the  state  of  the  physical 
geography  of  part  of  Europe  at  any  one  point  of  time.  The  difficulty,  or 
rather  the  impossibility,  of  restoring  the  geography  of  the  globe  as  it  may 
have  existed  at  any  former  period,  especially  a  remote  one,  consists  in 
this,  that  we  can  only  point  out  where  part  of  the  sea  has  been  turned 
into  land,  and  are  almost  always  unable  to  determine  what  land  may  have 
become  sea.  All  maps,  therefore,  pretending  to  represent  the  geography 
of  remote  geological  epochs  must  be  ideal.  The  map  under  consideration 
is  not  a  restoration  of  a  former  state  of  things,  at  any  particular  moment 
of  time,  but  a  synoptical  view  of  a  certain  amount  of  one  kind  of  change 
(the  conversion  of  sea  into  land)  known  to  have* been  brought  about  within 
a  given  period. 

It  may  be  stated  that  the  movements  of  earthquakes  occasion  the  subsi- 
dence as  well  as  the  upraising  of  the  surface;  and  that,  by  the  alternate 
rising  and  sinking  of  particular  spaces  at  successive  periods,  a  great  area 
may  have  been  entirely  covered  with  marine  deposits,  altliough  the  whole 
may  never  have  been  beneath  the  waters  at  one  time;  nay,  even  though 
the  relative  proportion  of  land  and  sea  may  have  continued  unaltered 
throughout  the  whole  period.  I  believe,  however,  that  since  the  com- 
mencement of  the  tertiary  period,  the  dry  land  in  the  northern  hemisphere 
has  been  continually  on  the  increase,  both  because  it  is  now  greatly  in 
excess  beyond  the  average  proportion  which  land  generally  bears  to  water 
on  the  globe,  and  because  a  comparison  of  the  secondary  and  tertiary 
strata  aflbrds  indications,  as  I  shall  endeavour  to  show  hereafter,  of  a  pass- 
age from  the  condition  of  3n  ocean  interspersed  with  islands  to  that  of  a 
large  continent.* 

But  supposing  it  were  possible  to  represent  all  the  vicissitudes  in  tlie 
distribution  of  land  and  sea  that  have  occurred  during  the  tertiary  period, 
and  to  exhibit  not  only  the  actual  existence  of  land  where  there  was  once 
sea,  but  also  the  extent  of  surface  now  submerged  which  may  once  have 
been  land,  the  map  would  still  fail  to  express  all  the  important  revolutions 

*  See  Book  iv.  chap.  iii. 
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ia  physical  gaof^phy  which  have  taken  placa  within  the  epoch  mids 
consideration.  For  the  oeeillatione  of  level,  m  waa  before  9tated»  haie 
not  merely  been  such  as  to  lift  up  the  land  from  below  thtf  wsten*  bat  ia 
some,  cases  to  occasion  a  rise  of  several  thouaand  feet  above  tbe  sai. 
Thus  the  Alps  have  acquired  an  additional  altitude  of  from  2(HM^  to>  4(M 
feet,  and  even  in  some  places  still  more ;  and  the  Apennines  owe  a  coe* 
siderable  part  of  their  height  (from  1000  to  2000  feet  and  upwuds)  ta 
subterranean  convulsions  which  have  happened  within  the  tertiary  epo^ 

On  the  other  hand,  some  mountain-chains  may  have  been  loweied 
during  the  same  series  of  ages,  in  an  equal  degree,  and  shoale  may  halt 
been  converted  into  deep  abysses.* 

Condudmg  remarks  on  changes  in  physical  geography — ^Theae  obaer* 
▼ations,  it  may  be  said,  are  confined  to  Europe,  and  therefore  to  a  apaea 
which  constitutes  but  a  small  portion  of  the  northern  hemisphere;  botit 
appeared  from  the  remarks  offered  in  the  preceding  chapter,  that  the  gieal 
Lowland  of  Siberia,  lying  chiefly  between  the  latitudes  65^  and  76°  N* 
(an  area  nearly  equal  to  all  Europe)  is  covered  for  the  most  part  by  marioe 
strata,  which,  from  the  account  given  by  Pallas,  and  other  writers,  may 
be  considered  as  of  tertiary  formation. 

Upon  a  review  of  all  the  phenomena  above  enumerated,  Ihere  appeal 
grounds  for  inferring  that  the  eras  of  the  principal  alterations  in  climatet 
as  deduced  from  fossil  remains,  were  coincident  with  the  perioda  of  the 
most  remarkable  changes  in  the  former  position  of  sea  and  land.  A  wide 
expanse  of  ocean  interspersed  with  islands,  seems  to  have  pervaded  the 
northern  hemisphere  at  the  periods  when  the  transition  and  carboniferous 
rocks  were  formed,  and  the  temperature  was  then  hottest  and  most  uni- 
form. Subsequent  modifications  in  climate  accompanied  the  depoaitioa 
of  the  secondary  formations,  when  repeated  changes  were  effected  in  the 
physical  geography  of  our  northern  latitudes.  Lastly,  the  refrigeratioB 
became  most  decided,  and  the  climale  most  nearly  assimilated  to  that  now 
enjoyed,  when  the  lands  in  Europe  and  northern  Asia  had  attained  their 
full  extension,  and  the  mountain-chains  their  actual  height. 

It  has  been  objected  to  this  theory  of  climate,  that  there  are  no  geologi- 
cal proofs  of  the  prevalence  at  any  former  period  of  a  temperature  lower 
than  that  now  enjoyed ;  whereas,  if  the  causes  above  assigned  were  the 
true  ones,  it  might  reasonably  have  been  expected  that  fossil  remains 
would  sometimes  indicate  colder  as  well  as  hotter  climates  than  those  now 
estabiished.t  In  answer  to  this  objection,  I  may  suggest,  that  our  present 
climates  are  probably  far  more  distant  from  the  extreme  of  possible  heat 

*  It  miy  be  obser?ed,  that  the  facts  and  infereDcet  exhibited  in  this  Map  bear  not 
merely  on  the  theory  of  climate  above  proposed,  but  serve  also  to  iUustrate  the  views 
explained  in  the  third  book  respecting  the  migrations  of  animals  and  plants,  and  the 
gradual  extinction  of  species. 

t  Allgemeine  Literator  Zeitong,  No.  cxxziz.    Joly,  1833. 
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than  from  its  opposite  extreme  of  cold.  A  glance  at  the  map  (PI.  I.  fig.  l.  p. 
130)  will  show  that  all  the  existing  lands  might  be  placed  in  the  zone  inter* 
vening  between  the  30th  parallels  of  latitude  on  each  side  of  the  eqaator, 
and  that  even  then  they  would  by  no  means  fill  that  space.  In  no  other 
position  would  they  give  rise  to  so  high  a  temperature.  But  in  the  present 
geographical  condition  of  the  earth,  the  land  excluded  from  this  zone,  and 
lying  between  tlie  poles  and  the  parallels  of  30,  is  in  great  excess;  so 
much  so  that,  instead  of  being  to  the  sea  in  the  proportion  of  one  to  tlireOi 
which  is  as  near  as  possible  the  average  general  ratio  throughout  the  globe, 
it  is  as  nine  to  twenty-three.*  Hence  it  ought  not  to  surprise  us  if,  in  our  geo- 
logical retrospect,  embracing,  perhaps,  a  small  part  only  of  a  complete  cycle 
of  change  in  the  terrestrial  climates,  we  should  happen  to  discover  every 
where  the  signs  of  a  higher  temperature.  The  strata  hitherto  examined 
may  have  originated  when  the  quantity  of  equatorial  land  was  always 
decreasing,  and  the  land  in  regions  nearer  the  poles  augmenting  in  height 
and  area,  until  at  length  it  attained  its  present  excess  in  high  latitudes. 
There  is  nothing  improbable  in  supposing  that  the  geographical  revolu- 
tions immediately  preceding  our  times  had  this  tendency;  and  in  that  case 
the  refrigeration  must  have  been  constant,  although,  for  reasons  before 
explained,  the  rate  of  cooling  may  not  have  been  uniform. 

Theory  (f  Central  Heat, — The  gradual  diminution  of  the  supposed 
central  heat  of  the  globe  has  been  resorted  to  by  many  geologists  as  the 
principal  cause  of  alterations  of  climate.  The  matter  of  our  planet  is 
imagined,  according  to  the  conjecture  of  Leibnitz,  to  have  been  originally 
in  an  intensely  heated  state,  and  to  have  been  parting  ever  since  with 
portions  of  its  heat,  at  the  same  time  that  it  has  contracted  its  dimensions. 
There  are,  undoubtedly,  some  grounds  for  inferring,  from  recent  observa- 
tion and  experiment,  that  the  temperature  of  the  earth  increases  as  we 
descend  from  the  surface  to  that  slight  depth  to  which  man  can  penetrate; 
but  Uiere  are  no  proofs  of  a  secular  decrease  of  heat  accompanied  by  con- 
traction. On  the  contrary.  La  Place  has  shown,  by  reference  to  astro- 
nomical observations  made  in  the  time  of  Hipparchus,  that  in  the  last  two 
tliousand  yeare  there  has  been  no  sensible  contraction  of  the  globe  by 
cooling;  for  had  this  been  tlie  case,  even  to  an  extremely  small  amount, 
the  day  would  have  been  shortened,  whereas  its  length  has  certainly  not 

*  In  thif  estimate,  the  space  within  the  antarctic  circle,  of  which  nothing  certain  is 
known,  is  not  taken  into  account :  if  included,  it  would  probably  add  to  the  excess 
of  drj  land :  for  the  great  accumulation  of  ice  in  the  antarctic  region  seems  to  imply 
the  presence  of  a  certain  quantitj  of  terra  firma.  The  number  of  %quare  miles  on 
the  surface  of  the  globe,  are  148,522,000,  the  part  occupied  bj  the  sea  being 
110,849,000,  and  that  by  land,  37,673,000 ;  so  that  the  land  is  very  nearly  to  the  sea 
as  one  part  in  four.  1  am  informed  by  Mr.  Gardner,  that  according  to  a  rough  approxi* 
mation,  the  land  between  the  30^  N.  lat.  and  the  pole  eoenpies  aspaoe  ahmU  eqtuU  t» 
thai  of  tke  «Mi,  and  the  land  between  the  30^  8.  lit  sad  tHe  aatarotio  cilele  ibodt 
ona'sizteenth  of  that  sooe. 
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diminished  during  tliat  period  by  -^ij^ih  of  a  second.  Baron  Fonrier» 
after  making  a  curious  series  of  experiments  on  the  cooling  of  Incandescent 
bodies,  has  endeavoured,  by  profound  mathematical  calculations,  to  prove 
that  the  actual  distribution  of  heat  in  the  earth's  envelope  is  precisely  that 
which  would  have  taken  place  if  the  globe  had  been  formed  in  a  medioB 
of  a  very  high  temperature,  and  had  afterwards  been  constantly  cooled** 

Now  this  conclusion  is  appealed  to  by  many  as  corroborating  the  theory 
of  secular  refrigeration,  although  the  phenomenon  might  perhaps  be 
ascribed,  with  equal  propriety,  to  the  action  of  volcanic  heat,  which  ws 
know  has,  in  former  ages,  shifted  its  points  of  chief  development  over 
every  part  of  the  earth's  crust. 

M.  Cordier  announces,  as  the  result  of  his  experiments  and  obserratioiis 
<m  the  temperature  of  the  interior  of  the  earth,  that  the  heat  increases 
rapidly  with  the  depth;  but  the  increase  does  not  follow  the  same  law 
over  the  whole  earth,  being  twice  or  three  times  as  much  in  one  country 
as  in  another,  and  these  differences  are  not  in  constant  relation  either  with 
the  latitudes  or  longitudes  of  places.t  All  this  is  precisely  what  we  should 
have  expected  to  arise  from  variations  in  the  intensity  of  volcanic  beatt 
and  from  that  change  of  position,  which  the  principal  theatres  of  volcanis 
action  can  be  proved  to  have  undergone. 

But  the  advocates  of  the  doctrine  of  central  heat  contend,  that  althoogfa 
DO  contraction  can  be  demonstrated  to  have  taken  place  within  the  bisto* 
rical  period  (the  operation  being  slow  and  the  time  of  observation  limited), 
yet  it  is  no  less  certain  that  heat  is  annually  passing  out  by  radiation  froM 
the  interior  of  the  globe  into  the  planetary  spaces.  Fourier  even  under- 
took to  demonstrate  that  the  quantity  of  heat  thus  transmitted  into  apace 
in  tlie  course  of  every  century,  through  every  square  metre  of  the  earth's 
surface,  would  suffice  to  melt  a  column  of  ice  having  a  square  metre  (or 
its  base,  and  being  three  metres  (or  nine  feet  ten  inches)  high.  On  the 
other  hand,  it  is  said,  there  is  no  assignable  mode  in  which  this  beat 
can  be  again  restored  to  the  earth. 

Streams  of  incandescent  lava  arise  up  from  unknown  depths,  flow  ool 
upon  the  surface,  and,  before  they  consolidate,  emit  much  light  and  heat 
In  what  manner  does  the  igneous  and  luminous  matter  thus  withdrawn 
from  our  planet  return  again  from  the  celestial  spaces?  or,  if  lost,  does  it 
not  imply  a  continual  cooling  of  the  central  parts  of  thC'Carth? 

This  argument  may  appear  plausible,  until  we  reflect  how  ignorant  we 
are  of  the  sources  of  volcanic  heat,  or  indeed  of  the  nature  of  light  and 
heat  in  generaL     It  is  doubtless  true,  that  light  and  heat  are  continually 

*  See  a  Memoir  on  the  Temperature  of  the  Terrestrial  Globe,  and  the  Planetaij 
Spaces,  Ann.  de  Chimie  et  Phys.  torn,  xxvii.  p.  136.    Oct.  1824. 
.  1  See  M.  Cordier's  Memoir  on  the  Temperature  of  the  Inteiior  of  the  Earth,  raad 
to  the  Academy  of  Sciences,  4th  June,  1627.— Edin.  New  Phil.  Journal,  No.  Tiii. 
p.  273. 
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emanating  from  the  earth ;  but,  in  the  same  manner,  it  may  be  said  that 
they  escape  without  intermission  from  the  sun,  and  we  know  not  whether 
there  be  any  compensating  causes  which  again  restore  them  to  that  lumi- 
nary.— "It  is  a  mystery,"  says  Herschel,  speaking  of  the  sun,  "to  con- 
ceive how  so  enormous  a  conflagration  (if  such  it  be)  can  be  kept  up. 
Every  discovery  in  chemical  science  here  leaves  us  completely  at  a  loss, 
or  rather  seems  to  remove  farther  the  prospect  of  probable  explanation. 
May  not,**  he  adds,  "  a  continual  current  of  electric  matter  be  constantly 
circulating  in  the  sun's  immediate  neighbourhood,  or  traversing  the  plane^ 
tary  spaces  ?"  &c.  &c.* 

Astronomical  cau8t8  of  ftuttuationa  in  climate, — Sir  John  Herschel 
has  lately  inquired,  whether  there  are  any  astronomical  causes  which  may 
ofler  a  possible  explanation  of  the  difference  between  the  actual  climates 
of  the  earth's  surface,  and  those  which  formerly  appear  to  have  prevailed. 
He  has  entered  upon  this  subject,  he  says,  *'  impressed  with  the  magnifi- 
cence of  that  view  of  geological  revolutions,  which  regards  them  rather  ai 
regular  and  necessary  effects  of  great  and  general  causes,  than  as  resulting 
from  a  series  of  convulsions  and  catastrophes,  regulated  by  no  laws,  and 
reducible  to  no  fixed  principles."  Geometers,  he  adds,  have  demon- 
strated the  absolute  invariability  of  the  mean  distance  of  the  earth  from  the 
sun ;  whence  it  would  at  first  seem  to  follow,  that  the  mean  annual  supply 
of  light  and  heat  derived  from  that  luminary  would  be  alike  invariable; 
but  a  closer  consideration  of  the  subject  will  show,  that  this  would  not 
be  a  legitimate  conclusion ;  but  that,  on  the  contrary,  the  mean  amount 
of  Molar  radiation  is  dependent  on  the  excentricity  of  the  earth's  orbit,  and 
therefore  liable  to  variation.! 

Now,  the  eccentricity  of  the  orbit,  he  oontinnes,  is  actualty  dimiDish- 
tng,  and  has  been  so  for  ages  beyond  the  records  of  history.  In  conse- 
quence, the  ellipse  is  in  a  state  of  approach  to  a  circle,  and  the  annual 
average  of  solar  heat  radiated  to  the  earth  is  actually  on  the  decrease.  So 
far  this  is  in  accordance  with  geological  evidence,  which  indicates  a 
general  refrigeration  of  climate  ;  but  the  question  remains,  whether  the 
amount  of  diminution  which  the  eccentricity  may  have  ever  undergonet 
can  be  supposed  sufficient  to  account  for  any  sensible  refrigeration.  The 
calculations  necessary  to  determine  this  point,  though  practicable,  have 
never  yet  been  made,  and  would  be  extremely  laborious  ;  for  they  must 
embrace  all  the  perturbations  which  the  most  influential  planets,  Venus, 

*  Treatiie  on  Astronomj,  §  337. 

t  The  theorem  is  thus  stated: — ^''The  eccentricity  of  the  orbit  rarjing,  the  total 
quantitj  of  beat  received  by  the  earth  from  the  sun  in  one  revelation  is  inversely 
proportional  to  the  minor  axis  of  the  orbit  The  major  axis  is  invariable,  and  there- 
fore,  of  coarse,  the  absolute  length  of  the  jear:  hence  it  follows  that  the  mean  an* 
naal  average  of  heat  will  also  be  in  the  same  inverse  ratio  of  the  minor  axis.'* — GeoL 
Trans,  second  series,  vol.  iii.  p.  295. 
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Mara,  Japiter«  and  Saturn,  would  cause  in  the  earth's  orbit,  and  in  each 
other's  moveoients  round  the  sun. 

The  problem  is  also  very  complicated,  inasmuch  as  it  depends  not 
merely  on  the  ellipticity  of  the  earth's  orbit,  but  on  the  assumed  tempera- 
ture of  the  celestial  spaces  beyond  the  earth's  atmosphere  ;  a  matter  still 
open  to  discussion,  and  on  which  MM.  Fourier  and  llerachel  hafi 
arrived  at  very  different  opinions.  But  if,  says  Herschell,  we  suppose 
an  extreme  case,  as  il'  tlie  earth's  orbit  should  ever  become  as  eccentric 
as  that  of  the  planet  Juno,  or  Pallas,  a  great  change  of  climate  might  be 
conceived  to  result,  the  winter  and  summer  temperatures  being  aometiiDCS 
mitigated,  and  at  othera  exaggerated,  in  the  same  latitudes. 

It  is  much  to  be  desired  that  the  calculations  alluded  to  were  executed, 
as  even,  if  they  should  demonstrate,  as  M.  Arago  thinks  highly  probablSi* 
that  the  mean  amount  of  solar  radiation  can  never  be  materially  afieeted 
by  irregularities  in  the  earth's  motion,  it  would  still  be  satisfactoij  to 
ascertain  the  point.  Such  inquiries,  however,  can  never  supersede  the 
necessity  of  investigating  the  consequences  of  the  varying  position  of 
continents,  shifted  as  we  know  them  to  have  been  daring  auccesaive 
epochs,  from  one  part  of  the  globe  to  the  other. 


CHAPTER    IX. 

rAATHSR  DISCUSSION  OF  THE  QUESTIOX  AS  TO  THE  0I8C0RDANCC  OF  TBS 

ANCIENT  AND  MODERN  CAUSES  OF  CHANGE. 

Theory  of  the  progreisive  deTelopment  of  organic  life — Evidence  in  its  sappoii 
inconclusive — Vertebrated  animali,  and  plants  of  the  moat  perfect  organixation,  lA 
strata  of  very  high  antiquity  (p.  151.) — Differences  between  the  organic  remains  of 
successive  formations — Remarks  on  tlie  comparatively  modem  origin  of  the  hnmsa 
race  (p.  158.) — The  popular  doctrine  of  successive  development  not  oonfinned  by 
the  admission  that  man  is  of  modern  origin-^Introduction  of  man,  to  what  exttal 
a  change  in  the  system  (p.  161.) 

Progresiive  development  of  organic  life. — In  the  preceding  chapters  I 
have  considered  many  of  the  most  popular  grounds  of  opposition  to  the 
doctrine,  that  all  former  changes  of  the  organic  and  inorganic  creation  are 
referable  to  one  uninterrupted  succession  of  physical  eventSy  governed  by 
the  laws  of  Nature  now  in  operation. 

*  Ann.  du  Bur.  des  Long.  1834. 
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As  the  principles  of  our  science  must  always  remain  unsettled  so  long 
as  no  fixed  opinions  are  entertained  on  this  fundamental  question,  I  shall 
proceed  to  examine  other  objections  which  have  been  urged  against  the 
assumption  of  the  indentity  of  tho  ancient  and  modem  causes  of  change. 
A  late  distinguished  writer  has  formally  advanced  some  of  the  most  popu- 
lar of  these  objections.  **  It  is  impossible,"  he  affirms,  **  to  defend  the 
proposition,  that  the  present  order  of  things  is  the  ancient  and  constant 
order  of  nature,  only  mollified  by  existing  laws  :  in  those  strata  which 
are  deepest,  and  which  must^  consequently,  be  supposed  to  be  the  earliest 
deposited,  forms  even  of  vegetable  life  are  rare ;  shells  and  vegetable 
remains  are  found  in  the  next  order ;  the  bones  of  fishes  and  oviparous 
reptiles  exist  in  the  following  class ;  the  remains  of  birds,  with  those  of 
the  same  genera  mentioned  before,  in  the  next  order;  tliose  of  quadrupeds 
of  extinct  species  in  a  still  more  recent  class ;  and  it  is  only  in  the  loose 
and  slightly  consolidated  strata  of  gravel  and  sand,  and  which  are  usually 
called  diluviau  formations,  that  the  remains  of  animals  such  as  now  people 
the  globe  are  found,  with  others  belonging  to  extinct  species.  But,  in 
none  of  these  formations,  whether  called  secondary,  tertiary,  or  diluvial, 
have  the  remains  of  man,  or  any  of  his  works,  been  discovered  ;•  and 
whoever  dwells  upon  this  subject  must  be  convinced,  that  the  present 
order  of  things,  and  the  comparatively  recent  existence  of  man  as  tkt 
master  of  the  globe,  is  as  certain  as  the  destruction  of  a  former  and  ft 
different  order,  and  the  extinction  of  a  number  of  living  forms  which 
have  no  types  in  being.  In  the  oldest  secondary  strata  there  are  no  re- 
mains of  such  animals  as  now  belong  to  the  surface ;  and  in  the  rocks, 
which  may  be  regarded  as  more  recently  deposited,  these  remains  occur 
but  rarely,  and  with  abundance  of  extinct  species ; — there  seems,  as  it 
were,  a  gradual  approach  to  the  present  system  of  things,  and  a  succession 
of  destructions  and  creations  preparatory  to  the  existence  of  man."* 

In  the  above  passages,  tlie  author  deduces  two  important  conclusions 
from  geological  data ;  first,  that  in  the  successive  groups  of  strata,  from 
the  oldest  to  the  most  recent,  there  is  a  progressive  development  of 
organic  life,  from  the  simplest  to  the  most  complicated  forms  ;-»Becondly, 
that  man  is  of  comparatively  recent  origin.     It  will  be  easy  to  show  that 
the  first  of  these  propositions,  though  very  generally  received,  has  but  a     /< 
slender  foundation  in  fact.     The  second,  on  the  contrary,  is  indisputable ;  ff, 
and  it  is  important,  therefore,  to  consider  how  far  its  admission  is  incon-    • 
sistent  with  the  doctrine,  that  the  system  of  tlie  natural  worid  may  have  ^ 
been  uniform  from  the  beginning,  or  rather  from  the  era  when  the  oldest 
rocks  hitherto  discovered  were  formed. 

First,  then,  let  us  consider  the  geological  proofs  appealed  to  in  support 
of  the  theory  of  the  successive  development  of  animal  and  vegetable  life, 

*  Sir  H.  Davy,  ConsoUtions  in  Travel,  Dialogue  III.    <«  The  Unknown." 
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and  their  progressive  advancement  to  a  more  perfect  state.  No  geologisto 
who  are  in  possession  of  all  the  data  now  established  respecting  fossil  rs- 
mains,  will  for  a  moment  contend  for  the  doctrine  in  all  its  detail,  as  laid 
down  by  the  great  chemist  to  whose  opinions  we  have  referred;  but 
naturalists,  who  are  not  unacquainted  with  recent  discoveries,  conlinaets 
defend  it  in  a  modified  form.  They  say  that,  in  the  first  period  of  thi 
world,  (by  which  they  mean  the  earliest  of  which  we  have  yet  procoied 
any  memorials,)  the  vegetation  consisted  almost  entirely  of  eryptogamie 
plants,  while  the  animals  which  co-existed  were  almost  entirely  eoofioed 
to  zoophytes,  testacea,  and  a  few  fish.  Plants  of  a  less  simple  slraeUus 
succeeded  in  the  next  epoch,  when  oviparous  reptiles  began  also  to 
abound.  Lastly,  the  terrestrial  flora  became  most  diversified  and  most 
perfect  when  the  highest  orders  of  animals,  the  mammifera  and  birds,  wen 
called  into  existence. 

Now  in  the  first  place,  it  may  be  observed,  that  many  naturalists  are 
guilty  of  no  small  inconsistency  in  endeavouring  to  connect  the  pheno- 
mena of  the  earliest  vegetation  with  a  nascent  condition  of  organic  Uk, 
and  at  the  same  time  to  deduce  from  the  numerical  predominance  of  ee^ 
tain  types  of  form,  the  greater  heat  of  the  ancient  climate.  The  alga* 
ments  in  favour  of  the  latter  conclusion  are  without  any  force,  unless  we 
can  assume  that  the  rules  followed  by  the  Author  of  Nature  in  the  crea- 
tion and  distribution  of  organic  beings  were  the  same  formerly  as  now; 
and  that,  as  certain  families  of  animals  and  plants  are  now  most  abundant 
in,  or  exclusively  confined  to,  regions  where  there  is  a  certain  tempera- 
ture, a  certain  degree  of  humidity,  a  certain  intensity  of  light,  and  other 
conditions,  so  also  the  same  phenomena  were  exhibited  at  every  former 
era. 

If  this  postulate  be  denied,  and  the  prevalence  of  particular  families  bo 
declared  to  depend  on  a  certain  order  of  precedence  in  the  introduction  of 
diflferent  classes  into  the  earth,  and  if  it  be  maintained  that  the  standard  of 
organization  was  raised  successively,  we  must  then  ascribe  the  numerieal 
preponderance,  in  the  earlier  ages,  of  plants  of  simpler  structure,  noi  to 
the  heat,  but  to  those  difiTcrent  laws  which  regulate  organic  life  in  newly 
created  worlds.  If,  according  to  the  laws  of  progressive  developmeni, 
eryptogamie  plants  always  flourish  for  ages  before  the  dicotyledonous 
order  can  be  established,  then  is  the  small  proportion  of  the  latter  fully 
explained  ;  for  in  this  case,  whatever  may  have  been  the  mildness  or 
severity  of  the  climate,  they  could  not  make  their  appearance. 

Before  we  can  infer  an  elevated  temperature  in  high  latitudes,  from  the 
presence  of  arborescent  Ferns,  Lycopodiaces,  and  plants  of  other  allied 
families,  we  must  be  permitted  to  assume,  that  at  all  times,  past,  present, 
Y  and  future,  a  heated  and  moist  atmosphere  pervading  the  northern  hemis- 
phere has  a  tendency  to  produce  in  the  vegetation  a  predominance  of 
analogous  types  of  form. 
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In  the  ancient  strata  of  the  carboniferous  era,  between  200  and  300 
species  of  plants  have  been  found.  In  these,  say  the  authors  of  the 
*'  Fossil  Flora,"*  no  traces  have  been  as  yet  discovered  of  the  simplest 
forms  of  flowerless  vegetation,  such  as  Fungi,  Lichens,  Hepaticae,  or 
Mosses ;  while,  on  the  contrary,  there  appear  in  their  room  Ferns,  Lyco- 
podiacese,  and  supposed  Equisetaceoe,  the  most  perfectly  organized  cryp- 
togamic  plants.  In  regard  to  the  remains  of  monocotyledons  of  the  same 
strata,  they  consist  of  palms  and  plants  analogous  to  Dracaenas,  Bananas, 
and  the  Arrow  Root  tribe,  which  are  the  most  highly  developed  tribes  of 
that  class.  Among  the  dicotyledons  of  the  same  period  coniferous  trees 
were  abundant,  while  the  fossil  Stigmarioe,  which  accompany  them,  be- 
longed probably  to  the  most  perfecdy  organized  plants  of  that  class,  being 
allied  to  the  Cacteae,  or  Euphorbiaceae.  **  But  supposing,"  continue  the 
same  authors,  *'  that  it  could  be  demonstrated,  that  neither  Coniferae  nor 
any  other  dicotyledonous  plants  existed  in  the  first  geological  age  of  land 
plants,  still  the  theory  of  progpressive  development  would  be  untenable ; 
because  it  would  be  necessary  to  show  that  monocotyledons  are  inferior 
in  dignity,  or,  to  use  a  more  intelligible  expression,  are  less  perfectly 
formed  than  dicotyledons.  So  far  is  this  from  being  the  case,  that  if  the 
exact  equality  of  the  two  classes  were  not  admitted,  it  would  be  a  ques- 
tion whether  monocotyledons  are  not  the  more  highly  organized  of  the 
two  ;  whether  palms  are  not  of  greater  dignity  than  oaks,  and  cerealia 
than  netdes." 

Animal  remaina  in  the  tranntion^  or  greywackdf  and  carboniferous 
strata. — By  far  the  largest  part  of  the  organic  remains  found  in  the  earth's 
crust  consist  of  corals  and  testacea,  the  bones  of  vertebrated  animals  being 
comparatively  rare.  When  these  occur,  they  belong  much  more  fre- 
quently to  fish  than  to  reptiles,  and  but  seldom  to  terrestrial  mammalia. 
This  might,  perhaps,  have  been  anticipated  as  the  general  result  okinves- 
tigation,  since  all  are  now  agreed  that  the  greater  number  of  fossiliferous 
strata  were  deposited  beneath  the  sea,  and  that  the  ocean  probably  oc- 
cupied in  ancient  times,  as  now,  the  greater  part  of  the  earth's  surface. 
We  must  not,  however,  too  hastily  infer  from  the  absence  of  fossil  bones 
of  mammalia  in  the  older  rocks,  that  the  highest  class  of  vertebrated  ani- 
mals did  not  exist  in  the  remoter  ages.  There  are  regions  at  present,  in 
the  Indian  and  Pacific  oceans,  co-extensive  in  area  with  the  continents  of 
Europe  and  North  America,  where  we  might  dredge  the  bottom  and  draw 
up  thousands  of  shells  and  corals,  without  obtaining  one  bone  of  a  land 
quadruped.  Suppose  our  mariners  were  to  report,  that  on  sounding  in 
tlie  Indian  Ocean  near  some  coral  reefs,  and  at  some  distance  from  the 
land,  they  drew  up  on  hooks  attached  to  their  line  portions  of  a  leopard, 

*  Fosiil  Flora  of  Great  Britain,  by  John .  Lindly  and  William  Hutton,  Esquires. 
London,  1832.    Preface. 
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elephant,  or  Upir,  should  we  not  be  sceptical  as  to  the  accuracy  of  their 
stRtements  ?  and  if  we  had  no  doubt  of  their  veracity,  might  we  not  sot- 
pect  them  to  be  unskilful  naturalists  T  or,  if  the  fact  were  unqucetioned, 
should  we  not  be  disposed  to  believe  that  some  vessel  had  been  wrecked 
on  the  spot? 

The  casualties  must  always  be  rare  by  which  land  quadrupeds  aie 
swept  by  rivers  far  out  into  the  open  sea,  and  still  rarer  the  coniingeaef 
of  such  a  floating  body  not  being  devoured  by  sharks  or  other  predaeeoes 
fish,  such  as  were  those  of  which  we  find  the  teeth  preserved  in  eone  of 
the  carboniferous  strata.  But  if  the  carcass  should  escape,  and  ahooU 
happen  to  sink  where  sediment  was  in  the  act  of  accumulating,  and  if  the 
numerous  causes  of  subsequent  disintegration  should  not  efl*ace  all  traees 
of  the  body,  included  for  countless  ages  in  solid  rock,  is  it  not  contrary  te 
all  calculation  of  chances  that  we  should  hit  upon  the  exact  spot-— that 
mere  point  In  the  bed  of  an  ancient  ocean,  where  the  precious  relic  was 
entombed  ?  Can  we  expect  for  a  moment,  when  we  have  only  sneeeeded, 
amidst  several  thousand  fragments  of  corals  and  shells,  in  finding  a  few 
bones  of  aquatic  or  amphibioua  animals,  that  we  should  meet  with  a 
•ingle  skeleton  of  an  inhabitant  of  the  land  ? 

Clarence,  in  his  dream,  saw,  "  in  the  slimy  bottom  of  the  deep,*' 


E  thoiiMnd  fearful  wrecks ; 


A  thousand  men,  that  fishes  gnaw*d  upon ; 
Wedges  of  gold,  great  anchors,  heaps  of  pearl . 

Had  he  also  beheld,  amid  *'  the  dead  bones  that  lay  scattered  by,"  the 
carcasses  of  lions,  deer,  and  the  other  wild  tenants  of  the  forest  and  the 
plain,  the  fiction  would  have  been  deemed  unworthy  of  the  genius  of 
Shakspeare.  So  daring  a  disregard  of  probability  and  violation  of  analogy 
would  have  been  condemned  as  unpardonable,  even  where  the  poet  was 
painting  those  incongruous  images  which  present  themselves  to  a  dis- 
turbed imagination  during  tho  visions  of  the  night. 

But,  as  fossil  mamroiferous  remains  have  been  met  with  in  strata  of  the 
more  modern  periods,  it  will  be  desirable  to  take  a  rapid  view  of  the  con- 
tents of  successive  geological  formations,  and  inquire  how  far  they  con- 
firm or  invalidate  the  opinions  commonly  entertained  respecting  the  doc- 
trine of  successive  development. 

Ill  the  first  place  it  should  be  stated,  that  faint  traces  of  animal  remains 
make  their  appearance  in  strata  of  as  early  a  date  as  any  in  which  the 
impressions  of  plants  have  been  detected.  We  are  as  yet  but  imperfectly 
acquainted  with  the  fossils  of  the  deposits  called  by  Werner  **  transition,** 
or  those  below  the  carboniferous  series ;  yet  in  some  of  these,  as  in  the 
limestone  of  Ludlow,  for  example,  scales  and  bones  of  fish  have  been 
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found.*  In  these  ancient  rocks  we  cannot  expect  to  bring  mai^y  verte- 
bral remains  to  light  until  wo  have  obtained  more  informatioo  respecting 
the  zoophytes  and  testacea  of  the  same  period.  The  rarer  species  caor 
not  be  discovered  until  the  more  abundant  have  been  fqund  again  and 
again ;  and  it  may  be  doubted  whether  we  shall  ever  succeed  in  acquiring 
80  extensive  a  knowledge  of  the  fossil  bodies  of  strata  anterior  to  the  coal 
as  to  entitle  us  to  attach  much  importance  to  the  absence  of  birds  ^nd 
mammalia.  In  rocks  of  high  antiquity  many  organic  forms  hav^  been 
obliterated  by  various  causesy  such  as  subterranean  heat  and  the  pprcolar 
tion  of  acidulous  waters,  which  have  operated  during  a  long  succeifsion  of 
ages.  The  number  of  organic  forms  which  have  disappeared  from  the 
oldest  strata  may  be  conjectured  from  the  &ct,  that  their  former  existence 
is  in  many  cases  merely  revealed  to  us  by  the  unequal  weathering  of  an 
exposed  face  of  rock,  on  which  the  petrifactions  stand  out  in  relief. 

If  we  next  consider  the  old  red  sandstone,  we  find  that  entire  skeletons 
of  fish  have  been  discovered  in  it,  both  in  Scotland  and  in  the  West  of 
England,  and  Wales,  but  no  well-authenticated  instance  is  recorded  of  a 
fossil  reptile  from  this  formation.!  Neither  have  any  reptilian  remains 
been  met  with  in  the  incumbent  carboniferous  group,  either  in  the  moun- 
tain limestone,  or  in  the  shales  and  sandstones  of  the  coal.  The  supposed 
saurian  teeth  found  by  Dr.  Hibbert  in  carboniferous  strata,  near  Edin- 
burgh, have  been  lately  shown  by  Dr.  Agassiz  to  belong  to  sauroidal  fish» 
or  fish  of  the  highest  rank  in  structure,  and  approaching  more  nearly  in 
their  osteological  characters  than  any  others  to  true  saurians* 

It  would  be  premature  to  conclude  that  no  bones  of  reptiles  are  tq  be  y 
found  in  the  carboniferous  formation,  because  it  is  only  within  a  few  y/ 
years  that  several  distinct  species  and  genera  of  fish  have  been  ascertained 
to  abound  in  the  same.  It  should  also  be  recollected,  that  if  we  in&r 
from  the  fossil  flora  of  the  coal,  and  other  circumstances  before  enur 
raerated,  that  our  latitudes  were  occupied  at  the  remote  period  in  questiofi 
by  an  ocean  interspersed  with  small  islands,  such  islands  may,  like  those 
of  the  modern  Pacific,  have  been  almost  entirely  destitute  of  mammalia 
and  reptiles.! 

In  regard  to  birds,  they  are  usually  wanting  in  deposits  of  all  ages, 
even  where  fossil  animals  of  the  highest  order  occur  in  abuiidance.§ 

There  was  evidently  a  long  period*  of  wl^eh  the  formattqpi  from  the 

*  Murdhiion,  Proceeding!  of  Qeol.  8oc.  No.  84,  p.  18. 

t  Scales  of  a  tortoiie  nearly  allied  to  Trionjx,  afff  sfeilii  la  the  Qeol.  Trans, 
second  series,  vol.  iii.  part  1,  p.  144,  to  have  been  found  abundantly  in  the  bituminous 
schists  of  Caithness,  in  Scotland,  and  in  the  same  formation  in  the  Orkneys.  These 
schistii  have  been  shown  by  Professor  Sedgwick  and  Mr.  Murchison  to  be  of  the  age 
of  the  old  red  sandstone.  But  M.  Agassiz  has  lately  decided  that  the  scales  in  Ques- 
tion are  those  of  a  fish.    (See  figure  of  them,  plate  16,  Geol.  Trans.,  same  part) 

t  See  p.  135.  i  See  Book  iii.  ch.  16. 
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magneiian  limeBlone  to  the  clialk  incluiire  miy  be  laid  to  eontunllH 
history,  vtien  repdie*  of  varioot  kindi  were  largely  dereloped  on  iht 
earth :  their  remaiDi  are  particularly  nameroaa  in  the  lias  and  oolitic 
■bvta.  Aa  there  are  now  mannnnlia  entirely  confined  to  the  land,  othen 
which,  like  the  bat  and  vampyre,  fly  in  the  air ;  others,  agaioi  of  amphi- 
bious habita,  which  inhabit  rivers,  like  the  hippopoiamiUi  oUer,  and 
b^ver ;  others  eicluaively  aqnalic  and  marine,  like  the  seal,  whale,  and 
narwo),  ao  in  the  early  ages  nnder  consideration,  there  were  terrestriil, 
winged,  and  aquatic  reptiles.  There  were  iguanodons  walking  on  th« 
land,  pterodaclytes  winging  their  way  through  the  air,  monitors  sod 
crocodiles  in  the  rivers,  and  the  ichlhyosaur  and  pleaiosaur  in  tlie  ooeao. 
j-  It  appears  also  that  some  of  these  ancient  sauriana  approximated  moce 
\J  nearly  in  their  organization  to  the  type  of  living  mamiDalia  than  do  an; 
of  our  existing  reptiles. 

I  shall  not  dwell  here  on  a  question,  which  will  nfterwards  be  discussed 
more  fully,  how  far  the  almost  entire  suppression  of  one  class  of  vertebrati 
and  the  development  of  another,  as,  for  example,  the  predominance  of 
tepiilee  over  mammalia,  or  of  these  over  reptiles,  may  be  reeoneileable 
with  the  notion  of  eonsiani  and  uniform  laws  governing  the  distribution  of 
animal  life  at  particular  periods.*  I  shall  now  merely  call  tlie  reader's 
attention  to  a  striking  exception  to  the  general  rule  of  the  non-occnrrencs 
of  any  signs  of  warm-blooded  quadrupeds  in  secondary  rocks. 

In  the  oolite  of  Slonesfield,  a  rock  which  has  been  well  ascertained  M 
hold  a  somewhat  inferior  position  in  the  great  oolitic  series,  the  jsws  of 
at  least  two  species  of  small  mammiferous  quadrupeds  have  been  foand. 
A  specimen  of  one  of  these,  now  in  the  Oxford  Museum  (see  Fig.  0.}.  wis 
examined  by  M.  Cuvier,  and  pronounced  by  him  to  be  allied  to  the  didel- 
phis.  According  to  this  naturalist,  it  was  probiibly  a  small  camivoiMi 
animal  not  larger  than  a  mole,  yet  differing  from  all  known  carniron  ia 
having  ten  teeth  in  a  row. 


Fig.  S. 


futdntpti,  from  iKt  tlott  of  Sttmafidd  lu 


*  Book  ir.  ehsp.  ziiii. 

t  This  figure  (No.  &.)  ii  fl'aia  a  diKwinf  bj  Profeuor  C.  PrcToit,  pabliriied  Ana. 
dei.  Soi.  Nat.,  AttU,  1B2S.    The  fntiil  iaalowtr  jaw,  ■dhering  b;  its  inaer  si^  to 
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Another  apecimea  now  in  London,  in  iht  collection  of  Mr.  Broderip, 
consists  also  of  a  lower  jsw,  and  belonged  ceilainly  la  a  quadruped  ofa 
distinct  species,  or  even  genus  (see  fig.  8),  for  the  number  of  teeth  is  dif* 
ferent,  and  agrees  preciiely  with  that  of  the  living  didelphii. 


Fig.  6. 


DiMpliU  B^Uatdi,  from  SUmt^itld.* 


1.  The  JBW  msgnified  twice  in  length. 

S.  The  leaond  moUr  tooth  magiuGed  lii  timei. 

The  occurrence  of  these  individuals,  the  most  ancient  memorials  yet 
known  of  the  mammiferoua  type,  lo  low  down  in  the  oolitic  series,  while 
BO  other  represontatives  of  the  same  class  have  yet  been  found  in  the 
superior  secondary  strata,  either  in  the  Middle  or  Upper  Oolite,  or  in  the  >  / 
Wealden,  Green  Sand,  or  Chalii,  is  a  striking  fact,  and  should  serve  as  a  ^ 
warning  to  us  against  hasty  generalizations.  So  imporlsnt  an  exeeption 
to  a  general  rule  may  be  perfectly  consistent  with  the  conclusion,  that  a 
small  number  only  <^  mammalia  inhabited  European  latitades  when  our 

the  iltb  oTooUte,  in  which  it  iiiQDk.  The  form  orthaeand/le,  or  posterior  ptoeen 
of  the  jaw,  ii  diatinctly  leen,  an  impreuion  of  it  being  left  on  the  etone,  slthongh 
the  bone  ii  wmnting.  The  anterior  put  of  the  jaw  hai  been  partiallj  broken  away, 
•0  that  the  bnga  of  aiz  molar  te«th  are  lecn  fixed  in  tbeir  locket*,  the  form  of  the 
fangs  being  chaiMlenatio  of  the  raammaUa.  TheenuoelofMmeof  the  teeth  ia  well 
pieierTed. 

*  Thii  figure  (No.  6)  ia  token  fh>m  ttia  originat,  in  Mr.  Broderip'i  coUeotion.  It 
coniiati  of  the  right  half  of  a  lower  jaw,  of  which  the  inner  aide  ia  aeen.  The  jaw 
contains  seven  molar  teeth,  one  canine,  and  three  inciaora,  bat  the  end  of  the  jaw  is 
ftaetared,  andlracea  of  the  alveolaa  of  afoarth  inciaor  are  seen.  With  thia  addition, 
the  Dumber  of  teeth  would  agree  ezactlj  with  thoae  of  a  lower  jaw  of  a  didelphia. 
The  fbaail  ii  well  pieKrred  in  ■  ilab  of  oolitic  (tructure  containing  ihellaof  Trigoniw 
and  other  marine  remains.  Two  other  jawi,  beiides  thoae  above  repretented,  ban 
been  prueaied  from  the  quairiea  of  Btoneafield.    Be*  Bradcrip,  Zool.  Joan.  vol.  UL 

r-4(ie. 
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MoHihiry  tbikti  w^  forfoi^d ;   bat  it  ieettiB  fatal  to  the  theory  of  pro- 

^^8iv^  dUV^lopiiient;  br  xhk  iibtion  tlmt  the  oirder  of  precedence  in  the 

cHiiitibn  of  aniitiiillk;  bonsidered  dironolbgically,  coincidbd  with  the  order 

in  which  they  Wdbld  bb  hoiked  abcoirding  to  perfection  or  complbxity  of 

structure. 

0/the  Tertiary  strata. — The  tertiary  strata,  as  will  appear  from  what 

has  been  already  stated,  were  deposited  when  the  physical  geography  of 
the  northern  hemisphere  had  been  entirely  altered.  Large  inland  lakes 
had  become  numerous,  as  in  Central  France  and  many  other  countries. 
There  were  gulfs  of  the  sea,  into  which  considerable  rivers  emptied 
themselves,  where  strata  were  formed  like  those  of  the  Paris  basin. 
There  were  then  also  littoral  formations  in  progress,  such  as  are  indicated 
by  the  English  Crag,  and  the  Faluns  of  the  Loire.  The  state  of  pre- 
servation of  the  organic  remains  of  this  period  is  very  different  from  that 
of  fossils  in  the  older  rocks,  the  colours  Of  the  shells,  and  even  the  carti- 
laginous ligaments  uniting  the  valves,  being  in  some  cases  retained. 
More  than  1100  species  of  testacea  have  been  found  in  the  beds  of  the 
Paris  basin,  and  nearly  an  equal  number  in  the  more  modem  formations 
of  the  Subapennine  hills ;  and  it  is  a  most  curious  fact  in  natural  history, 
that  the  zoologist  has  already  acquired  more  extensive  information  con- 
cerning the  testacea  which  inhabited  the  ancient  seas  of  northern  latitudes 
at  those  remote  epochs  than  of  the  species  now  living  in  the  same  parallels 
in  EUirope. 

Paris  basin, — The  strata  of  the  Paris  basin  are  partly  of  freshwater 
origin,  and  filled  with  the  spoils  of  the  land.  They  have  afforded  a  great 
number  of  skeletons  of  land  quadrupeds,  but  these  relics  are  confined 
almost  entirely  to  one  small  member  of  the  group,  and  their  conservation 
may  be  considered  as  having  arisen  from  some  local  and  accidental  com- 
bination of  circumstances.*  On  the  other  hand,  the  scarcity  of  terrestrial 
mammalia  in  submarine  sediment  is  elucidated,  in  a  striking  manner,  by 
the  extremely  small  number  of  such  remains  hitherto  procured  from  the 
calcaire  grossier,  one  of  the  formations  of  the  Parisian  series.t 

London  day-^Plastic  clay, — The  inferior  member  of  our  oldest  ter- 
tiary formation  in  England,  usually  termed  the  plastic  clay,  has  hitherto 
proved  as  destitute  of  mammiferous  remains  as  our  ancient  coal  strata ; 
and  this  point  of  resemblance  between  these  deposits  is  the  more  worthy 
of  observation,  because  the  lignite,  in  the  one  case,  and  the  coal  in  the 
other,  are  exclusively  composed  of  terrestrial  plan^.  From  the  f^ondon 
day  we  have  procured  three  or  four  hundred  species  of  testacea,  but  the 
only  bones  of  vertebrated  animals  are- those  of  reptiles  and  ^sh.  On 
comparing,  therefore,  the  contents  of  these  marine  strata  with  those  of 
our  oolitic  series,  we  find  the  supposed  order  of  precedence  inverted.     In 

*  Book  iv.  ch.  xviii.  t  Ibid. 
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the  mor^  tatieitt  iystenl  of  roekr,  a  few  matiiiindit  l»Te  beeh  recognised ; 
whereas  id  the  Mwetf  if  tiefaliTe  evidence  w^re  to  be  our  oriteriout 
NatttTO  has  made  a  retrogradei  instead  of  an  advancing  movenient,  and  no 
tmntali  tnore  Ifxaltdd  in  the  scale  of  organization  than  reptiles  are  disco* 
terable.  It  shoaldy  howeTer»  be  stated*  that  in  a  freshwater  formation^ 
ii30tiiig  npoB  the  London  oky,  in  the  Isle  of  Wight,  and  like  it  belonging 
to  the  Eoeane  epoch,  some  mammiferovis  remains  have  recently  been 
found.* 

S9ibapennb/ke  beds, — Although  the  Subapennine  strata  have  been 
examined  by  collectors  for  800  years,  and  have  yielded  more  than 
t  thousand  species  of  testacea,  the  authenticated  examples  of  im- 
bedded remains  of  terrestrial  mammalia  are  extremely  scanty ;  and 
aeveral  of  those  which  have  been  cited  by  earlier  writers  as  belonging  to 
the  elephant  or  rhinoceros,  have  since  been  declared,  by  competent  anato- 
aiists,  to  be  the  bones  of  whales  and  other  cetacea.  In  about  five  or  ten 
instances,  pcfrhaps,  bones  of  the  mastodon,  rhinoceros,  and  some  other 
knd  animals,  have  been  observed  in  this  formation  with  marine  shells 
tttaehed.  Hiese  must  have  been  washed  into  the  bed  of  the  ancient  sea 
when  the  strata  wars  forming,  and  they  serve  to  attest  the  contiguity  of 
land  inhabited  by  large  herbivora,  which  renders  the  rarity  of  such  excep- 
tiiMis  more  worthy  of  attention.  On  the  contrary,  the  number  of  skrie- 
tons  of  existing  animals  in  the  upper  Yal  d'Amo,  which  have  been 
iBiialiy  considered  to  be  referable  to  the  same  age  as  the  Subapennine 
beds,  occur  in  a  deposit  which  was  formed  entirely  in  an  inland  lake, 
surrounded  by  loAy  mountains.! 

Not  a  single  bone  of  any  quadrumanoos  animal  has  ever  yet  been  dis« 
covered  in  a  fossil  state }  and  their  absence  has  appeared,  to  some  geolo- 
gists, to  countenance  the  idea  that  the  type  of  organization  most  nearly 
resembling  the  human  came  last  in  the  order  of  creation,  and  was  scarcely 
perhaps  anterior  to  that  of  man.  But  the  evidence  on  this  point  is  quite 
inj^usive ;  for,  first,  we  know  nothing  of  the  details  of  the  various  classes 
of  the  animal  kingdom  which  may  have  inhabited  tlie  land  when  the 
secondary  strata  were  accumulated ;  and  in  regard  to  some  of  the  more 
modem  tertiary  periods,  the  climate  of  Europe  does  not  appear  to  have 
been  of  such  a  tropical  character  as  may  have  been  necessary  for  the 
development  of  the  tribe  of  apes,  monkeys,  and  allied  genera.  Besides, 
it  must  not  be  forgotten,  Uiat  almost  all  the  animals  which  occur  in  suba- 
queous deposits  are  such  as  frequent  marshes,  rivers,  or  the  borders  of 
lakes,  as  Uie  rhinoceros,  tapir,  hippopotamus,  ox,  deer,  pig,  and  others. 
Species  which  live  in  trees  are  extremely  rare  in  a  fossil  state ;  and  we 
have  no  data  as  yet  for  determining  how  great  a  number  of  the  one  kind 

*  BncUand  and  AUah,  Jameion's  £d.  Phil.  Joum.,  No.  27,  p.  190.    Pratt,  G«ol. 
Tnns.  9d  leries,  vol.  iu.  p.  461.— Read,  Ifm, 
)  See  Book  iv.  eh.  xVi. 
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we  ought  to  find,  before  we  have  a  right  to  expect  a  single  individual  of 
the  other.  Even,  therefore,  if  we  were  led  to  infer,  from  the  presence  of 
crocodiles  and  turtles  in  the  London  clay,  and  from  the  cocoa-nuts  and 
spices  found  in  the  Isle  of  Sheppey,  that  at  the  period  when  oar  older 
or  £k>cene  tertiary  strata  were  formed,  the  climate  was  hot  enough  for 
the  quadnimanous  tribe,  yre  nevertheless  could  not  hope  to  discover  any 
of  their  skeletons  until  we  had  made  considerable  progress  in  ascertaining 
what  were  the  contemporary  Pachydermata ;  and  a  very  small  number 
of  these  have,  as  was  before  remarked,  been  hitherto  discovered  in  any 
strata  of  this  epoch  in  England. 

The  result  then,  of  our  inquiry  into  the  evidence  of  the  successive  de- 
velopment of  the  animal  and  vegetable  kingdoms,  may  be  stated  in  a  few 
words.  In  regard  to  planta^  if  we  neglect  the  obscure  and  ambiguous 
impressions  found  in  some  of  the  oldest  fossUiferous  rocks,  which  can 
lead  to  no  safe  conclusions,  we  may  consider  those  which  characterise 
the  great  carboniferous  groups  as  the  first  deserving  particular  attention. 
They  are  by  no  means  confined  to  the  simplest  forms  of  vegetation,  as  to 
cryptogamic  plants  ;  but,  on  the  contrary,  belong  to  all  the  leading  divi- 
sions of  the  vegetable  kingdom ;  some  of  the  more  fully  developed  forms, 
both  of  dicotyledons  and  monocotyledons  having  already  been  discovered, 
even  among  tlie  first  three  or  four  hundred  species  brought  to  light :  it  is 
therefore  superfluous  to  pursue  this  part  of  the  argument  farther. 

If  we  then  examine  the  animal  remains  of  thu  oldest  formations,  we 
find  bones  and  skeletons  of  fish  in  the  old  red  sandstones,  and  even  in 
some  transition  limestones  below  it ;  in  other  words,  we  have  already 
vertebrated  animals  in  the  most  ancient  strata  respecting  the  fossils  of 
which  we  can  be  said  to  possess  any  accurate  information. 

In  regard  to  birds  and  quadrupeds,  their  remains  are  almost  entirely 
wanting  in  marine  deposits  of  every  era,  even  when  interposed  freshwater 
strata  contain  those  fossib  in  abundance,  as  in  the  Paris  basin.  The  se- 
condary strata  of  Europe  are  for  the  most  part  marine,  and  there  is  as  yet 
only  one  instance  of  the  occurrence  of  mammiferous  fossils  in  them,  four 
or  ^ve  individuals  having  been  found  in  the  slate  of  Stonesfield,  a  rock 
unquestionably  of  the  Oolitic  period,  and  which  appears,  from  several 
other  circumstances,  to  have  been  formed  near  the  point  where  some  river 
entered  the  sea. 

When  we  examine  the  tertiary  groups,  we  find  in  the  Eocene  or  oldesl 
strata  of  that  class  the  remains  of  a  great  assemblage  of  the  highest  or 
mammiferous  class,  all  of  extinct  species,  and  in  the  Miocene  beds,  or 
those  of  a  newer  tertiary  epoch,  other  forms,  for  the  most  part  of  lost 
species,  and  almost  entirely  distinct  from  the  Eocene  tribes.  Another 
change  is  again  perceived,  when  we  investigate  the  fossils  of  later  or  of 
the  Pliocene  periods.  But  in  this  succession  of  quadrupeds,  we  cannot 
detect  any  signs  of  a  progressive  development  of  organization,-— any  indi* 
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cition  that  the  Eocene  faana  was  less  perfect  than  the  Miocene,  or  the 
Miocene,  than  what  will  be  designated  in  the  fourth  book  the  Newer 
Pliocene. 

Reeeni  origin  rf  man.-— If  then  the  popular  theory  of  the  successive 
development  of  the  animal  and  vegetable  world,  from  the  simplest  to  the 
most  perfect  forms,  rests  on  a  very  insecure  foundation ;  it  may  be  asked, 
whether  the  recent  origin  of  man  lends  any  support  to  the  same  doctrine, 
oi'  how  far  the  influence  of  man  may  be  considered  as  such  a  deviation 
from  the  analogy  of  the  order  of  things  previously  established,  as  to 
weaken  our  confidence  in  the  uniformity  of  the  course  of  nature. 

I  need  not  dwell  on  the  proofs  of  the  low  antiquity  of  our  species,  for 
it  is  not  controverted  by  any  experienced  geologist ;  indeed,  the  real  difli« 
culty  consists  in  tracing  back  the  signs  of  man's  existence  on  the  earth  to 
that  comparatively  modem  period  when  species,  now  his  contemporaries, 
began  to  predominate.  If  there  be  a  diflerence  of  opinion  respecting  the 
occurrence  in  certain  deposits  of  the  remains  of  man  and  his  works,  it  is 
always  in  reference  to  strata  confessedly  of  tlie  most  modern  order ;  and 
it  is  never  pretended  that  our  race  co-existed  with  assemblages  of  animals  |^' 
and  plants,  of  which  all  or  even  a  great  pari  of  the  tpeciea  are  extinct. 
From  the  concurrent  testimony  of  history  and  tradition,  we  learn  that 
parts  of  Europe,  now  the  most  fertile  and  most  completely  subjected 
to  the  dominion  of  man,  were,  less  than  8000  years  ago,  covered 
with  forests,  and  the  abode  of  wild  beasts.  The  archives  of  nature  are 
in  perfect  accordance  with  historical  records  ;  and  when  we  lay  open  the 
most  superficial  covering  of  peat,  we  sometimes  find  therein  the  canoes 
of  the  savage,  togeUier  with  huge  antlers  of  the  wild  stag,  or  horns  of  the 
wild  bull.  In  caves  now  open  to  the  day  in  various  parts  of  Europe,  the 
bones  of  large  beasts  of  prey  occur  in  abundance  ;  and  they  indicate  that,  at 
periods  comparatively  modem  in  the  history  of  the  globe,  the  ascendancy 
of  man,  if  he  existed  at  all,  had  scarcely  been  felt  by  the  brutes.* 

No  inhabitant  of  Uie  land  exposes  himself  to  so  many  dangers  on  the 
waters  as  man,  whether  in  a  savage  or  a  civilized  state  rt  and  there  is  no 
animal  therefore,  whose  skeleton  is  so  liable  to  become  imbedded  in 
lacustrine  or  submarine  deposits  :  nor  can  it  be  said  that  his  remains  are 
more  perishable  than  those  of  other  animals  ;  for  in  ancient  fields  of  battle, 
as  Cuvier  has  observed,  the  bones  of  men  have  suffered  as  little  decompo- 
sition as  those  of  horses  which  were  buried  in  the  same  grave.^  But 
even  if  the  more  solid  parts  of  our  species  had  disappeared,  the  impres- 
sion of  their  form  would  have  remained  engraven  on  the  rocks,  as  have 
the  traces  of  the  tenderest  leaves  of  plants,  and  the  soft  integuments  of 
many  animals.     Works  of  art,  moreover,  composed  of  the  most  inde- 

*  RetpectiDg  the  probable  antiquity  aisignable  to  certain  human  bones  and  works 
of  art,  found  intermixed  with  remains  of  extinct  animals  in  leveral  caves  in  France, 
see  Book  iii.  ch.  liv. 

t  See  Book  iu.  ch.  ZTi.  t  Ibid. 
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structible  matertakit  would  have  outlasted  almoi t  all  (he  organic  content! 
of  sedimentary  rocks.  Edifices,  and  even  entire  cities,  have,  within  the 
times  of  history,  been  buried  under  volcanic  ejections,  submerged  beneath 
the  sea,  or  engulphed  by  earthquakes  ;  and  had  these  catastrophes  been 
repeated  throughout  an  indefinite  lapse  of  ages,  the  high  antiqpity  of  man 
would  have  been  inscribed  in  far  mprp  legible  characters  on  the  framework 
of  the  globe  than  are  the  forms  of  the  ancient  vegetation  which  once 
covered  the  islands  of  the  Northern  Ocean,  or  of  those  gigantic  reptiles 
which  at  still  later  periods  peopled  the  seas  and  rivers  of  the  northern 
hemisphere.* 

Dr.  Prichard  has  argued  that  the  human  race  have  not  always  existed 
on  the  surface  of  the  earth,  because  **  the  strata  of  which  our  continents 
are  composed  were  once  a  part  of  the  ocean's  bed,** — <'  mankind. had  a 
beginning,  since  we  can  look  back  to  the  period  when  the  surface  on 
which  they  lived  began  to  exist.'*t  This  proof,  however,  is  insufficient, 
for  many  thousands  of  human  beings  now  dwell  in  various  quarters  of  the 
globe  where  marine  species  lived  within  the  times  of  history,  and,  on  the 
other  hand,  the  sea  now  prevails  permanently  over  large  districts  once 
inhabited  by  tiiousands  of  human  beings.  Nor  can  this  interchange  of 
sea  and  land  ever  cease  while  the  present  causes  are  in  existence.  It  is 
conceivable,  therefore,  that  terrestrial  species  might  be  older  than  the 
continents  which  they  inhabit,  and  aquatic  species  of  higher  antiquity 
than  the  lakes  and  seas  which  they  people. 

Doctrine  of  aucceative  devehpmerU  fiot  confirmed  by  the  admUnon 
that  man  is  of  modern  origin, — ^It  is  on  other  grounds  that  we  are  entitled 
to  infer  that  man  is,  comparatively  speaking,  of  modern  origin ;  and  if 
this  be  assumed,  we  may  then  ask  whether  his  introduction  can  be  con- 
sidered as  one  step  in  a  progressive  system,  by  which,  as  some  suppose, 
the  organic  world  advanced  slowly,  from  a  more  simple  to  a  more  perfect 
state  ?  In  reply  to  this  question,  it  should  first  be  observed  that  the  su- 
periority of  man  depends  not  on  those  faculties  and  attributes  which  he 
shares  in  common  with  the  inferior  animals,  but  on  his  reason,  by  which 
he  is  distinguished  from  them.  When  it  is  said  that  the  human  race  is 
of  far  higher  dignity  than  were  any  pre-existing  beings  on  the  earth,  it  is 
the  intellectual  and  moral  attributes  only  of  our  Tace,  not  the  animal, 
which  are  considered ;  and  it  is  by  no  means  clear,  that  the  organization 
of  man  is  such  as  would  confer  a  decided  pre-eminence  upon  him,  if,  in 
place  of  his  reasoning  powers,  he  was  merely  provided  with  such  instincts 
as  are  possessed  by  the  lower  animals. 

If  this  be  admitted,  it  would  by  no  means  follow,  even  if  there  had  been 
sufficient  geological  evidence  in  favour  of  the  theory  of  progressive  de- 
velopment, that  the  creation  of  man  was  the  last  link  in  the  same  chain. 
For  the  sudden  passage  from  an  irrational  to  a  rational  animal  is  a  phe- 

*  See  Book  iii.  ch.  xvi.  t  Phji.  Hiit.  of  Mankind,  vol.  ii.  p.  594. 
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Domenon  of  a  distinct  kind  from  the  paMage  from  the  more  simple  to  the 
more  perfect  forme  of  animal  organizaiioa  and  ioatinct  To  preiand 
that  anch  a  alep*  or  rather  leap,  can  be  part  of  a  regular  aeries  of  changes 
in  the  animal  world,  is  to  strain  analogy  beyond  all  reasonable  bounds. 

IfUradueHon  rfman^  to  what  extent  a  change  in  the  sys/em.— But  sel« 
ting  aside  the  question  of  progressive  development,  another  and  a  far 
more  difficolt  one  may  arise  out  of  the  admission  that  man  is  compara* 
ti  vel J  of  modem  origin.  Is  not  the  interference  of  the  human  species,  it  may 
be  asked,  such  a  deviation  from  the  antecedent  course  of  physical  events, 
that  the  knowledge  of  such  a  fact  tends  to  destroy  all  our  confidence  ia 
the  uoiformity  of  the  order  of  nature,  both  in  regard  to  time  past  and  fu* 
tore  ?  If  such  an  innovation  could  take  place  after  the  earth  had  been  ex- 
clusively inhabited  for  thousands  of  ages  by  inferior  animals,  why  should 
not  other  changes  as  extraordinary  and  unprecedented  happen  from  time 
to  time?  If  one  new  cause  was  permitted  to  supervene,  differing  in  kind 
sod  energy  from  any  before  in  operation,  why  may  not  others  have  come 
into  action  at  different  epochs !  Or  what  security  have  we  that  they  may 
oot  rise  hereafter  T  And  if  such  be  the  case,  how  can  the  experience  of 
one  period,  even  though  we  are  acquainted  with  all  the  possible  effects  of 
the  then  existing  causes,  be  a  standard  to  which  we  can  refer  all  natural 
phenomena  of  other  periods  ? 

Now  these  objections  would  be  unanswerable,  if  adduced  against  one 
who  was  contending  for  the  absolute  uniformity  throughout  all  time  of  the 
soeceseion  of  suUunary  events— if,  for  example,  he  was  disposed  to  in* 
dnlge  la  the  philosophical  reveries  of  some  Egyptian  and  Greek  seets^ 
who  represented  all  the  changes  both  of  the  moral  and  material  world  is 
repeated  at  distant  intenrab,  so  as  to  follow  each  other  in  their  former 
connexion  of  place  and  time.  For  they  compared  the  courae  of  events  on 
our  globe  to  astronomical  cycles ;  and  not  only  did  they  consider  all  suh- 
Innary  affain  to  be  under  the  influence  of  the  celestial  bodies,  but  they 
tsogfat  that  on  the  earth,  as  well  as  in  the  heavens,  the  same  identical 
phenomena  recunred  again  and  again  in  a  perpetual  vicissitude.  The 
same  individual  men  were  doomed  to  be  reborn,  and  to  perform  the  same 
actions  as  before ;  the  same  arts  were  to  be  invented,  and  the  same  cities 
built  and  destroyed.  The  Argonautic  expedition  was  destined  to  sail 
again  with  the  same  heroes,  and  Achilles  with  his  Myrmidons  to  rene«r 
the  eombai  before  the  walls  of  Troy. 

Alter  erit  tain  Tiphyi,  et  altera  quo  vehat  Azgo 

Dileetos  heroes :  erant  etiam  altera  bella, 

Atque  itermn  ad  Trcjam  magniu  mittetor  Achillea/ 

*  Virp1,Eclog.  ir.  For  aaaeeoont  of  these  doctrines,  tee  Dogald  Stewart's  Ele- 
ments of  the  Philosophy  of  the  Homan  Mind,  vol.  ii.  chap.  ii.  sect.  4,  and  Frichard*s 
Egypt.  Mythol.  p.  177. 

Vol.  I-— V 
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The  geologist,  however,  may  condemn  these  tenets  as  absurd,  withoot 
running  into  the  opposite  extreme,  and  denying  that  the  order  of  natare 
ha%  from  the  earliest  periods,  been  uniform  in  the  same  sense  in  which 
we  believe  it  to  be  uniform  at  present,  and  expect  it  to  remain  so  in  fu- 
ture. We  have  no  reason  to  suppose,  that  when  man  first  became  master 
of  a  small  part  of  the  globe,  a  greater  change  took  place  in  its  physical 
condition  than  is  now  experienced  when  districts,  never  before  inhabited, 
become  successively  occupied  by  new  settlers.  When  a  powerful  Euro- 
pean colony  lands  on  the  shores  of  Australia,  and  introduces  at  once  those 
arts  which  it  has  required  many  centuries  to  mature ;  when  it  imports  a 
multitude  of  plants  and  large  animals  from  the  opposite  extremity  of  the 
earth,  and  begins  rapidly  to  extirpate  many  of  the  indigenous  species,  a 
mightier  revolution  is  effected  in  a  brief  period  than  the  first  entrance  of 
a  savage  horde,  or  their  continued  occupation  of  the  country  for  many 
centuries,  can  possibly  be  imagined  to  have  produced.  If  there  be  no 
impropriety  in  assuming  that  the  system  is  uniform  when  disturbances  so 
unprecedented  occur  in  certain  localities,. we  can  with  much  greater  con- 
fidence apply  the  same  language  to  those  primeval  ages  when  the  aggre- 
gate number  and  power  of  the  human  race,  or  the  rate  of  their  advance- 
ment in  civilization,  must  be  supposed  to  have  been  far  inferior.  In  rea- 
soning on  the  state  of  the  globe  immediately  before  our  species  was  called 
into  existence,  we  must  be  guided  by  the  same  rules  of  induction  as  when 
we  speculate  on  the  state  of  America  in  the  interval  that  elapsed  between 
the  introduction  of  man  into  Asia,  the  supposed  cradle  of  our  race,  and 
the  arrival  of  the  first  adventurers  on  the  shores  of  the  New  World.  In 
that  interval,  we  imagine  the  state  of  things  to  have  gone  on  according  to 
the  order  now  observed  in  regions  unoccupied  by  man.  Even  now,  the 
waters  of  lakes,  seas,  and  the  great  ocean,  which  teem  with  life,  may  be 
said  to  have  no  immediate  relation  to  the  human  race — to  be  portions  of 
the  terrestrial  system  of  which  man  has  never  taken,  nor  ever  can  take, 
possession ;  so  that  the  greater  part  of  the  inhabited  surface  of  the  planet 
may  remain  still  as  insensible  to  our  presence  as  before  any  isle  or  con- 
tinent was  appointed  to  be  our  residence. 

If  the  barren  soil  around  Sydney  had  at  once  become  fertile  upon  the 
landing  of  our  first  settlers ;  if,  like  the  happy  isles  whereof  the  poets 
have  given  us  such  glowing  descriptions,  those  sandy  tracts  had  begun  to 
yield  spontaneously  an  annual  supply  of  grain,  we  might  then,  indeed, 
have  fancied  alterations  still  more  remarkable  in  the  economy  of  nature  to 
have  attended  the  first  coming  of  our  species  into  the  planet.  Or  if,  when 
a  volcanic  island  like  Ischia  was,  for  the  first  time,  brought  under  cultiva- 
tion by  the  enterprise  and  industry  of  a  Greek  colony,  the  internal  fire 
had  become  dormant,  and  the  earthquake  had  remitted  its  destructive 
violence,  there  would  then  have  been  some  ground  for  speculating  on  the 
debilitation  of  the  subterranean  forces,  when  the  earth  was  first  placed 
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Doder  the  dominioo  of  man.  But  aAer  a  long  intenral  of  rest,  the  volcano 
bonta  forth  again  with  renewed  energy,  annihilates  one  half  of  the  inhabi- 
tants* and  compels  the  remainder  to  emigrate.  The  coorse  of  natore.  re« 
mains  evidently  unchanged ;  and,  in  like  manner,  we  may  suppose  the 
general  condition  of  the  globe,  immediately  before  and  after  the  period 
when  our  species  first  began  to  exist,  to  have  been  the  same,  with  the 
exception  only  of  man's  presence. 

The  modifications  in  the  system  of  which  man  is  the  instrument,  do 
not,  perhaps,  constitute  so  great  a  deviation  from  previous  analogy  as  we 
usually  imagine ;  we  often,  for  example,  form  an  exaggerated  estimate  of 
the  extent  of  our  power  in  extirpating  some  of  the  inferior  animals,  and 
causing  others  to  multiply ;  a  power  which  is  circumscribed  within  cer« 
tain  limits,  and  which,  in  all  likelihood,  is  by  no  means  exclusively  ex- 
erted by  our  species.*  The  growth  of  human  population  cannot  take 
place  without  diminishing  the  numbers,  or  causing  the  entire  destruction, 
of  many  animals.  The  larger  carnivorous  species  give  way  before  us, 
but  other  quadrupeds  of  smaller  size,  and  innumeiable  birds,  insects,  and 
plants,  which  are  inimical  to  our  interests,  increase  in  spite  of  us,  some 
ittacking  our  food,  others  our  raiment  and  persons,  and  others  interfering 
with  our  agricultural  and  horticultural  labours.  We  behold  the  rich  har- 
vest which  we  have  raised  with  the  sweat  of  our  brow  devoured  by 
myriads  of  insects,  and  are  oAen  as  incapable  of  arresting  their  depreda- 
tionsi  as  of  staying  the  shock  of  an  earthquake,  or  the  course  of  a  stream 
of  lava. 

A  great  philosopher  has  observed,  that  we  can  command  nature  only 
by  obeying  her  laws ;  and  this  principle  is  true  even  in  regard  to  the 
astonishing  changes  which  are  superinduced  in  the  qualities  of  certain 
animals  and  plants  by  domestication  and  garden  culture.  I  shall  point 
out  in  the  third  book  that  we  can  only  efiect  such  surprising  alterations 
by  assisting  the  development  of  certain  instincts,  or  by  availing  ourselves 
of  that  mysterious  law  of  their  organization,  by  which  individual  peculi- 
arities are  transmissible  from  one  generation  to  another.! 

It  is  probable  from  these,  and  many  other  considerations,  that  as  we 
enlarge  our  knowledge  of  the  system,  we  shall  become  more  and  more' 
convinced,  that  the  alterations  caused  by  the  interference  of  man  deviate 
far  less  from  the  analogy  of  those  effected  by  other  animals  than  is  usually 
supposed4  We  are  often  misled,  when  we  institute  such  comparisons, 
by  our  knowledge  of  the  wide  distinction  between  the  instincts  of  animals 
and  the  reasoning  power  of  man ;  and  we  are  apt  hastily  to  infer,  that  the 
effects  of  a  rational  and  an  irrational  species,  considered  merely  OMphysi- 

*  See  Book  iii.  eh.  ix.  t  See  Book  iU.  eh.  iU. 

X  Id.  ehaplars  v.  vi.  vii.  and  iz. 
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otri  agtntfi  will  differ  almost  bb  nMoh  m  the  facoltiei  by  which  tlMir 
^MMm  wt  direeted. 

It  ie  not,  howerer,  intended  thet  a  real  depavtore  ftrom  Uie  antecedent 
eonrae  ef  physical  events  cannot  be  traced  ki  the  intiodaction  of  mail.  If 
ihat  latitude  of  action  which  enables  the  brutes  to  aoeommodale  themselfes 
in  some  measure  to  accidental  circumstances,  could  fc  imagined  lo  ba^e 
been  at  any  former  period  so  great,  that  the  operations  of  instinct  weie  as 
much  diversified  as  are  those  of  human  reason,  it  might,  perhaps,  be  con- 
tended, that  the  agency  of  man  did  not  constitute  an  anomalous  dcTiation 
from  the  previeusly  established  order  of  things.  It  might  then  have  been 
said,  thai  the  earth's  becoming  at  a  particular  period  the  residence  of 
hsiftan  beings,  was  sn  era  in  the  moral,  not  in  the  physical  world— that  our 
study  and  contemplation  of  the  earth,  and  the  laws  which  govern  iss  am- 
mate  productions,  ought  no  more  to  be  considered  in  the  light  of  a  die* 
tnrbance  or  deviation  from  the  system,  than  the  discovery  of  the  satellites 
of  Jupiter  should  be  regarded  as  a  physical  event  affecting  those  hjsavenly 
bodies*  Their  influence  in  advancing  the  progress  of  science  among 
Bseo,  and  in  aiding  navigation  and  commerce,  was  accompanied  by  no 
lecipvocal  action  of  the  human  mind  upon  the  economy  of  nature  in  tlMse 
distant  planets;  and  so  the  ewth  might  be  conceived  to  have  become,  at  a 
certain  period,  a  place  of  moral  discipline,  and  intellectual  improvement 
to  man,  without  the  slightest  derangement  of  a  previously  existing  ordsr 
of  change  in  its  animate  and  inanimate  productions. 

The  distinctness,  however,  of  the  human  from  all  other  species,  con- 
sidered merely  as  an  efficient  cause  in  the  physical  world,  is  real ;  for  we 
stand  in  a  relation  to  contemporary  species  of  animals  and  plants  widely 
different  from  that  which  other  irrational  animals  can  ever  be  supposed 
to  have  held  to  each  other.  We  modify  their  instincts,  relative  numbers, 
and  geographical  distribution,  in  a  manner  superior  in  degree,  and  in  some 
respects  very  different  in  kind,  from  that  in  which  any  other  species  can 
affect  the  rest.  Besides,  the  progressive  movement  of  each  successive 
generation  of  men  causes  the  human  species  to  differ  more  from  itself  in 
power  at  two  distant  periods,  than  any  one  species  of  the  higher  order  of 
animals  differs  from  another.  The  establishment,  therefore,  by  geologi- 
cal evidence,  of  the  first  intervention  of  such  a  peculiar  and  unpreoedenled 
agency,  long  after  other  parts  of  the  animate  and  inanimate  world  existed, 
affords  ground  for  concluding  thai  the  experience  during  thousands  of  ages 
of  all  the  events  which  may  happen  on  this  globe  would  not  enable  a 
philosopher  to  speculate  with  confidence  concerning  future  contingencies. 

If  then  an  intelligent  being,  after  observing  the  order  of  events  for  an 
indefinite  series  of  ages,  had  witnessed  at  last  so  wonderful  an  innovation 
as  this,  to  what  extent  would  his  belief  in  the  regularity  of  the  system  be 
weakened  ?— would  he  cease  to  assume  that  there  was  a  permanency  in 
the  laws  of  nature  ? — would  he  no  longer  be  guided  in  his  speculations  by 
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tke  strieleal  lolas  •£  Indociioii  t  To  (bete  q«MtioDs  il  nay  be  aiuiwered« 
that,  hmd  he  praTionaly  preauaitd  to  dogmatiie  reapecUng  the  abedute 
uufianiitj  of  tiio  order  of  nature*  he  would  undoubtedly  be  checked  by 
wttBeeeing  thie  new  and  unexpeeted  event,  and  would  form  a  more  just 
eetioiale  of  tho  limited  range  of  his  own  knowledge,  and  the  unbounded 
ezteni  of  the  aeheae  of  the  universe.  But  he  would  soon  perceive  that 
BO  one  of  the  fixed  and  constant  laws  of  the  animate  or  inanimate  world 
was  subverted  by  human  agency,  and  that  the  modifications  produced 
were  oa  the  oecuirence  of  new  and  extraordinary  circumstances,  and 
those  BOt  of  a  phyrieal  but  a  moral  nature.  The  deviation  permitted 
would  also  appear  to  be  as  slight  as  was  oonsistent  with  the  accompUsb- 
nent  of  the  new  moral  ends  proposed,  and  to  be  in  a  great  degree  lsa»- 
porary  in  its  nature,  so  that,  whenever  the  power  of  the  new  agent  was 
withheld,  even  for  a  brief  period,  a  relapse  would  take  place  to  the  ancient 
Mate  of  things;  Uie  domesticated  animal,  for  example,  recovering  in  a  lew 
lenerelioae  its  wild  instinct,  and  the  garden-flower  and  fruit-tree  reverting 
le  the  likeness  of  the  parent  stock. 

Now»  if  il  would  be  reasonable  to  draw  such  inferences  with  respect  to 
the  fotofs*  we  cannot  but  apply  the  same  rules  of  induction  to  the  past* 
We  have  no  right  to  anticipate  any  modifications  in  the  results  of  existing 
csosee  in  time  to  come,  which  are  not  conformable  to  analogy,  unless 
they  be  produced  by  the  progressive  development  of  human  power,  or 
perhaps  by  sohm  other  new  relations  which  may  hereaAer  spring  up 
belween  the  moral  and  material  worlds.  In  the  same  manner,  when  we 
speeolale  on  the  vieissitudes  of  the  animate  and  inanimate  creation  in  for- 
mer agee,  we  bught  not  to  look  for  any  anomalous  results,  unless  where 
man  Ins  interlined,  or  unless  clear  indications  appear  of  some  other  moral 
source  ef  temporary  derangement. 

For  tlie  diseussion  of  other  popular  objections  advanced  against  the 
deetriae  of  the  identity  of  the  ancient  and  modem  causes  of  change, 
especially  those  founded  on  the  supposed  suddenness  of  general  catas- 
trophes, and  the  transition  from  one  set  of  organic  remains  to  another,  I 
most  refer  to  Uie  4th  Book.  In  the  mean  time,  when  difficulties  arise  in 
interpreting  the  OKmuments  of  the  past,  I  deem  it  more  consistent  with 
philosophical  caution  to  refer  them  to  our  present  ignorance  of  all  the 
existing  agents,  or  all  their  possible  effects  in  an  indefinite  lapse  of  time, 
than  to  causes  formerly  in  operation,  but  which  have  ceased  to  act;  and 
if  in  any  part  of  the  globe  the  energy  of  a  cause  appears  to  have  decreased, 
I  consider  it  more  probable  that  the  diminution  of  intensity  in  its  action 
is  merely  local,  than  that  its  force  is  impaired  throughout  the  whole  globe. 
But  should  there  appear  reason  to  believe  that  certain  agents  have,  at  par- 
ticular periods  of  past  time,  been  more  potent  instruments  of  change  over 
the  entire  surface  of  the  earth  than  they  now  are,  it  is  still  more  consistent 
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with  inalogy  to  presmnet  that  after  an  intenral  of  quiescence  they  will 
recover  their  pristine  vigour,  than  to  imagine  that  they  are  worn  out 

The  geologist  who  assents  to  the  truth  of  these  principles  will  deem  it 
incumbent  on  him  to  examine  with  minute  attenflon  all  the  changes  now 
in  progress  on  the  earth,  and  will  regard  every  fact  collected  respecting 
the  causes  in  diurnal  action,  as  affording  him  a  key  to  the  interpretation 
of  some  mystery  in  the  archives  of  remote  ages.  His  estimate  of  the 
vidue  of  geological  evidence,  and  his  interest  in  the  investigation  of  the 
earth's  history,  will  depend  entirely  on  the  degree  of  confidence  which 
be  feels  in  regard  to  the  permanency  of  the  great  causes  of  change. 
Their  constancy  alone  will  enable  him  to  reason  from  analogy,  and  to 
arrive,  by  comparison  of  the  state  of  things  at  distinct  epochs,  at  the 
luiowledge  of  the  general  laws  which  govern  the  economy  of  our  system. 

The  uniformity  of  the  plan  being  once  assumed,  events  which  havt 
occurred  at  the  most  distant  periods  in  the  animate  and  inanimate  world 
will  be  acknowledged  to  throw  light  on  each  other,  and  the  deficiency  of 
our  information  respecting  some  of  the  most  obscure  parts  of  the  present 
creation  will  be  removed.  For  as,  by  studying  the  external  configuration 
of  the  existing  land  and  its  inhabitants,  we  may  restore  in  imagination  the 
-mppearance  of  the  ancient  continents  which  have  passed  away,  so  may 
we  obtain  from  the  deposits  of  ancient  seas  and  lakes  an  insight  into  the 
nature  of  tlie  subaqueous  processes  now  in  operation,  and  of  many  forms 
of  organic  life,  which,  though  now  existing,  are  veiled  from  eiglit* 
Rocks,  also,  produced  by  subterranean  fire  in  former  ages  at  great  depths 
in  the  bowels  of  the  earth,  present  us,  when  upraised  by  gradual  move- 
ments, and  exposed  to  the  light  of  heaven,  with  an  image  of  those 
changes  which  the  deep-seated  volcano  may  now  occasion  in  the  nether 
regions.  Thus,  although  we  are  mere  sojourners  on  the  surftuse  of  the 
planet,  chained  to  a  mere  point  in  space,  enduring  but  for  a  moment  of 
time,  the  human  mind  is  not  only  enabled  to  number  worlds  beyond  the 
unassisted  ken  of  mortal  eye,  but  to  trace  the  events  of  indefinite  ages 
before  the  creation  of  our  race,  and  is  not  even  withheld  from  penetrating 
into  the  dark  secrets  of  the  ocean,  or  the  interior  of  the  solid  globe ;  free* 
like  the  spirit  which  the  poet  described  as  animating  the  universe. 


ire  per  omnet 


Terraaque,  tractoique  marit,  coBlumque  profandum. 
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CHANGES  OF  THE  INORGANIC   WORLD. 


AQUfiOUS    CAUSES. 


CHAPTER   I. 

of  the  rabject  into  changei  of  the  orgmnic  and  inorganic  world — Inoi^ganfo 
of  change  divided  into  aqneona  and  igneooi — Aqueous  caoaee  fint  conri- 
dmd— Deetrojing  and  tranaporting  power  of  running  water — Binuoaitiee  of 
rifcn— Two  atieama  when  united  do  not  occupy  abed  of  double  surface  (p.  171.) — 
Heayy  matter  remoTed  by  torrenta  and  flooda— recent  inundations  in  Scotland — 
Efieda  of  ^aeiera  and  icebergs  in  removing  stones— Erosion  of  chasms  through 
hard  rocka  (p.  174.)— Ezcavations  in  the  lavas  of  Etna  by  Sicilian  rivera— Gorge 
of  the  Simeto— Gndnal  recession  of  the  cataracta  of  Niagara. 


q^  the  «ti6/ee/.-^soLOOT  was  defined  to  be  the  science  which 
ioYestigitet  the  former  changes  that  have  taken  place  in  the  organic,  as 
well  as  in  the  inorganic  kingdoms  of  nature ;  and  we  may  next  proceed 
to  inquire  what  changes  are  now  in  progress  in  both  these  departments. 
Vicissitndes  in  the  inorganic  world  are  most  apparent ;  and  as  on  them 
all  ilaetoations  in  the  animate  creation  must  in  a  great  measure  depend* 
they  may  claim  our  first  consideration.  The  great  agents  of  change  in 
the  inorganic  world  may  be  divided  into  two  principal  classes,  the  aqae* 
ous  and  the  igneous.  To  the  aqueous  belong  Rivers,  Torrents,  Springs, 
Currents,  and  Tides ;  to  the  igneous,  Volcanos  and  Earthquakes.  Both 
these  classes  are  instruments  of  decay  as  well  as  of  reproduction ;  but 
they  may  abo  be  regarded  as  antagonist  forces.  For  the  aqueous  agents 
are  incessantly  labouring  to  reduce  the  inequalities  of  the  earth's  surface 
to  a  level ;  while  the  igneous  are  equally  active  in  restoring  the  uneven- 
ness  of  the  external  crust,  partly  by  heaping  up  new  matter  in  certain 
localities,  and  partly  by  depressing  one  portion,  and  forcing  out  another, 
of  the  earth*s  envelope. 

It  is  difficult  in  a  scientific  arrangement,  to  give  an  accurate  view 
of  the  combined  efiects  of  so  many  forces  in  simultaneous  operation; 
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becaose,  when  we  consider  them  separately*  we  cannot  easily  estimate 
either  the  extent  of  their  efficacy,  or  the  kind  of  results  which  they  pro- 
duce. We  are  in  danger,  therefore,  when  we  attempt  to  examine  the 
influence  exerted  singly  by  each,  of  overlooking  the  modifications  which 
they  produce  on  one  another ;  and  these  are  so  complicated,  that  some- 
times the  igneous  and  aqueous  forces  co-operate  to  produce  a  joint  efiect» 
to  which  neither  of  them  unaided  by  the  other  could  give  rise,— as  when 
repeated  earthquakes  unite  with  nkhnibj^  Water  to  widen  a  valley;  or 
when  a  thermal  spring  rises  up  from  a  great  depth,  and  conveys  the 
mineral  ingredients  with  which  it  is  impregnated  from  the  interior  of  the 
earth  to  the  nurfac^.  Sbmetimek  the  organic  combine  x^ith  the  inor- 
ganic causes;  as  when  a  reef,  composed  of  shells  and  corals,  protects  one 
line  of  coast  from  the  destroying  power  of  tides  or  currents,  and  turns 
them  against  some  other  point;  or  when  drift  timber,  floated  into  a  lake, 
fills  a  hollow  to  which  the  stream  would  not  have  had  sufficient  velocity 
to  convey  earthy  sediment. 

It  is  necessary,  however,  to  divide  our  observations  on  these  rarioas 
causes,  and  to  classify  them  systematically,  endeavouring  as  much  as 
possible  to  keep  in  view  that  the  effects  in  nature  are  mixed*  and  not 
simple,  as  they  may  appear  in  an  artificial  arrangement. 

In  treating,  in  the  first  place,  of  the  aqueous  causes^  we  may  consider 
them  under  two  divisions :  first,  those  which  are  connected  with  the  cir- 
culation of  water  from  the  land  to  the  iea,  undet  which  are  included  all 
the  phenomena  of  rivers  and  springs  ;  secondly,  those  which  arise  from 
the  movements  of  water  in  lakes,  seas,  and  the  ocean,  wherein  are  com- 
prised the  phenomena  of  tides  and  currents.  In  turning  our  attention  to 
the  former  division,  we  find  that  the  effects  of  rivers  may  be  subdivided 
into  those  of  a  destroying  and  those  of  a  renovating  nature ;  in  the 
destroying  are  included  the  erosion  of  rocks,  and  the  transportation  of 
matter  to  lower  levels  ;  in  the  renovating  class,  the  formation  of  deltas  by 
the  influx  of  sediment,  and  the  shallowing  of  seas. 

Action  of  running  UHi/er.— I  shall  begin,  then,  by  describing  the 
destroying  and  transporting  power  of  running  water,  as  exhibited  by  tor- 
rents and  rivers.  It  is  well  known  that  the  lands  elevated  above  the  sea 
attract,  in  proportion  to  their  volume  and  density,  a  larger  quantity  of 
that  aqueous  vapour  which  the  heated  atmosphere  continually  absorbs 
from  the  surface  of  lakes  and  the  ocean.  By  these  means,  the  higher 
regions  become  perpetual  reservoirs  of  water,  which  descend  and  irrigate 
the  lower  valleys  and  plains.  In  consequence  of  this  provision,  almost 
all  the  water  is  first  carried  to  the  highest  regions,  and  is  then  made  to 
descend  by  steep  declivities  towards  the  sea ;  so  that  it  acquires  superior 
velocity,  and  removes  a  greater  quantity  of  soil,  than  it  would  do  if  the 
rain  had  been  distributed  over  the  plains  and  mountains  equally  in  pro- 
portion to  their  relative  areas.  Almost  all  the  water  is  also  made  by  these 
means  to  pass  over  the  greatest  distances  which  each  region  affords* 
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before  it  can  regain  the  sea.  The  rocks  also,  in  the  liigher  regions,  aim 
particalarly  exposed  to  atmospheric  influences,  to  frost,  rain,  and  vapour, 
and  to  great  annual  alternations  of  cold  and  heat,  of  moisture  and  desio* 
eation. 

Jt$  destroying  and  transporting  power. — Among  the  most  powerful 
agents  of  decay  may  he  mentioned  that  property  of  water  which  causes  it 
to  expand  during  congelation ;  so  that,  when  it  has  peneurafted  into  th« 
erevicae  of  the  most  solid  rocks,  it  rends  them  open  on  freezing  with 
mechanieii  force.  For  this  reason,  although  in  cold  climatas  the  com« 
parative  quantity  of  rain  which  falls  is  very  inferior,  and  although  it 
descends  more  gradually  than  in  tropical  regions,  yet  the  severity  of  frost, 
and  the  greater  inequalities  of  temperature,  compensate  in  some  degree 
for  thia  ^ioDUti^hed  source  of  degradation.  The  solvent  power  of  water 
also  is  Tery  great,  and  acts  particularly  on  the  calcareous  and  alkaline 
elements  of  stone,  especially  when  it  holds  carbonic  acid  in  solution, 
which  is  abundantly  supplied  to  almost  every  large  river  by  springs,  and 
is  collected  by  rain  from  the  atmosphere.  The  oxygen  of  the  atmos- 
phere is  also  gradually  absorbed  by  all  animal  and  vegetable  productions* 
and  by  almost  all  mineral  masses  exposed  to  the  open  air.  It  gradually 
destroys  the  equilibrium  of  the  elements  of  rocks,  and  tends  to  reduce 
into  powder,  and  to  render  fit  for  soils,  even  the  hardest  aggregates 
belonging  to  our  globe.* 

Whan  earthy  matter  has  once  been  intermixed  with  running  water,  a 
new  mechanical  power  is  obtained  by  the  attrition  of  sand  and  pebblest 
borne  along  with  violence  by  a  stream.  Running  water  charged  with 
foreign  ingredients  being  thrown  against  a  rock,  excavates  it  by  mechani- 
cal force,  sapping  and  undermining  till  the  superincumbent  portion  is  at 
length  precipitated  into  the  stream.  The  obstruction  causes  a  temporary 
increase  of  Uie  water,  which  then  sweeps  down  the  barrier. 

Sinuontie$  of  Rivers.'-^y  a  repetition  of  these  landslips,  the  revine  is 
widened  into  a  small,  narrow  valley,  in  which  sinuosities  are  caused  by 
the  deflexion  of  the  stream  first  to  one  side  and  then  to  the  other.  The 
unequal  hardness  of  the  materials  through  which  the  channel  is  eroded, 
tends  partly  to  give  new  directions  to  the  lateral  force  of  excavation. 
When  by  these,  or  by  accidental  shif\ings  of  the  alluvial  matter  in  the 
channel,  and  numerous  other  causes,  the  current  is  made  to  cross  its 
general  line  of  descent,  it  eats  out  a  curve  in  the  opposite  bank,  or  in  the 
side  of  the  hills  bounding  the  valley,  from  which  curve  it  is  turned  back 
again  at  an  equal  angle,  so  that  it  recrosses  the  line  of  descent,  and 
gradually  hollows  out  another  curve  lower  down  in  the  opposite  bank, 
till  the  whole  sides  of  the  valley,  or  river-bed,  present  a  succession  of 
salient  and  retiring  angles.  Among  the  causes  of  deviation  from  a  straight 

*  Sir  U.  Davy,  Consolations  in  Travel,  p.  271 . 
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course  by  which  torrents  and  rivers  tend  in  mountainous  regions  to  widen 
the  valleys  through  which  they  flow,  may  be  mentioned  the  confluence 
of  lateral  torrents,  swoln  irregularly  at  different  seasons  by  partial  ^torms, 
and  discharging  at  different  times  unequal  quantities  of  debris  into  the 
main  channel. 

When  the  tortuous  flexures  of  a  river  are  extremely  great,  the  aberra- 
tion from  the  direct  line  of  descent  is  often  restored  by  the  river  cutting 
through  the  isthmus  which  separates  two  neighbouring  curves.  Thus,  in 
the  annexed  diagram^  the  extreme  sinuosity  of  the  river  has  caused  it  to 

Pig.  7. 


return  for  a  brief  space  in  a  contrary  direction  to  its  main  course,  so  that 
a  peninsula  is  formed,  and  the  isthmus  (at  a)  is  consumed  on  both  sides 
by  currents  flowing  in  opposite  directions.  In  this  case  an  island  is  soon 
formed,— -on  either  side  of  which  a  portion  of  the  stream  usually  remains. 

Transporting  power  of  water, — In  regard  to  the  transporting  power  of 
water,  we  may  often  be  surprised  at  the  facility  with  which  streams  of  a 
small  size,  and  descending  a  slight  declivity,  bear  along  coarse  sand  and 
gravel ;  for  we  usually  estimate  the  weight  of  rocks  in  air,  and  do  not 
reflect  on  their  comparative  buoyancy  when  submerged  in  a  denser  fluid. 
The  specific  gravity  of  many  rocks  is  not  more  than  twice  that  of  water, 
and  very  rarely  more  than  thrice,  so  that  almost  all  the  fragments  pro- 
pelled by  a  stream  have  lost  a  third,  and  many  of  them  half,  of  what  we 
usually  term  their  weight. 

It  hks  been  proved  by  experiment,  in  contradiction  to  the  theories  of 
the  earlier  writers  on  hydrostatics,  to  be  a  universal  law,  regulating  the 
motion  of  running-water,  that  the  velocity  at  the  bottom  of  the  stream  is 
every  where  less  than  in  any  part  above  it,  and  is  greatest  at  the  surface. 
Also,  that  the  superficial  particles  in  the  middle  of  the  stream  move 
swifter  than  those  at  the  sides.  This  retardation  of  the  lowest  and  lateral 
currents  is  produced  by  friction ;  and  when  the  velocity  is  sufficiently 
great,  the  soil  composing  the  sides  and  bottom  gives  way.  A  velocity 
of  three  inches  per  second  at  the  bottom  is  ascertained  to  be  sufficient  to 
tear  up  fine  clay, — six  inches  per  second,  fine  sand, — twelve  inches  per 
second,  fine  gravel, — and  three  feet  per  second,  stones  of  the  size  of  an 

egg.* 

When  this  mechanical  power  of  running  water  is  considered,  we  are 

prepared  for  the  transportation  of  large  quantities  of  gravel,  sand,  and 

*  Encyo.  Brit — art.  Rivert. 
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mad,  by  the  torrenti  and  riven  which  descend  with  great  velocity  from 
monntainoas  regions.  But  a  question  naturally  arises,  how  the  more 
tranquil  riven  of  the  valleys  and  plains,  flowing  on  compantively  level 
ground,  can  remove  the  prodigious  burden  which  is  discharged  into  them 
by  their  numerous  tributaries,  and  by  what  means  they  are  enabled  to 
convey  the  whole  mass  to  the  sea.  If  they  had  not  this  removing  power, 
their  channels  would  be  annually  choked  up,  and  the  valleys  of  the  lower 
country,  and  plains  at  the  base  of  mountain-chains,  would  be  continually 
strewed  over  with  fragments  of  rock  and  sterile  sand.  But  this  evil  is 
prevented  by  a  general  law  regulating  the  conduct  of  running  waters— 
that  two  equal  streams  do  not,  when  united,  occupy  a  bed  of  double  sur- 
face. In  other  words,  when  several  riven  unite  into  one,  the  superficial 
area  of  the  fluid  mass  is  far  less  than  that  previously  occupied  by  the 
sepante  streams.  The  collective  waten,  instead  of  spreading  themselves 
out  over  a  larger  horizontal  space,  contract  themselves  into  a  column  of 
which  the  height  is  gnater  relatively  to  its  breadth.  Hence  a  smaller 
proportion  of  the  whole  is  retarded  by  friction  against  the  bottom  and 
sides  of  the  channel ;  and  in  this  manner  the  main  current  is  often 
accelerated  in  the  lower  country,  even  where  the  slope  of  the  river*s  bed 
is  lessened. 

It  not  unfrequently  happens,  as  will  be  afterwards  demonstrated  by  ex- 
amples, thatlwo  large  riven,  after  their  junction,  have  only  the  surface 
which  one  of  them  had  previously ;  and  even  in  some  cases  their  united 
waten  are  confined  in  a  narrower  bed  than  each  of  them  filled  before. 
By  this  beautiful  adjustment,  the  water  which  drains  the  interior  country 
is  made  continually  to  occupy  less  room  as  it  approaches  the  sea ;  and 
thus  the  most  valuable  part  of  our  continents,  the  rich  deltas,  and  great 
alluvial  plains,  are  prevented  from  being  constantly  under  water.* 

Floods  in  Scotland^  1829. — Many  remarkable  illustrations  of  the 
power  of  running  water  in  moving  stones  and  heavy  materials  were 
afforded  by  the  storm  and  flood  which  occurred  on  the  3d  and  4th  of 
August,  1829,  in  Aberdeenshire  and  other  counties  in  Scotland.  The 
elements  during  this  storm  assumed  all  the  characten  which  mark  the 
tropical  hurricanes ;  the  wind  blowing  in  sudden  gusts  and  whirlwinds, 
the  lightning  and  thunder  being  such  as  is  rarely  witnessed  in  our 
climate,  and  heavy  rain  falling  without  intermission.  The  floode 
extended  almost  simultaneously,  and  with  equal  violence,  over  that  part 
of  the  north*east  of  Scotland  which  would  be  cut  ofl"  by  two  lines  drawn 
from  the  head  of  Lochrannoch,  one  towards  Inverness  and  the  other  to 

• 

Stonehaven.  The  united  line  of  the  diflerent  riven  which  were  flooded 
could  not  be  less  than  from  five  to  six  hundred  miles  in  length ;  and  the 
whole  of  their  courses  were  marked  by  the  destruction  of  bridges,  roads, 

*  See  article  Rivers,  Enoyc.  Brit 
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crops,  and  bvildisga.  Sir  T.  D.  Lauder  has  recorded  the  deslmetioa  of 
tbirty-eight  hridgee,  and  the  entire  obliteration  of  a  great  namber  of  farms 
and  haBlieta«  On  the  Nairn,  a  fragment  of  aandatone,  fourteen  feet  k»g 
b^  three  feet  wide  and  one  foot  thick,  waa  carried  abore  two  hnndnd 
yards  down  the  riven  Some  new  ravines  were  formed  on  the  eideiof 
mountains  where  no  streams  had  previously  flowed,  and  ancient  rive^ 
channels,  which  had  never  been  filled  from  time  immemofhl,  gav«  pan- 
age  to  a  copious  flood.* 

The  bridge  over  the  Dee  at  Baliatu  consisted  of  five  arches,  haring 
upon  the  whole  a  water-way  of  260  feet.  The  bed  of  the  rivert  oo 
which  the  piers  rested,  was  composed  ^f  rolled  pieces  of  granite  and 
gneiss.  The  bridge  was  built  of  granite,  and  had  stood  uninjured  for 
twenty  years ;  but  tlie  difierent  parts  were  swept  away  in  suoceasion  by 
the  flood,  and  the  whole  mass  of  masonry  disappeared  in  the  bed  <tf  the 
river.  **  The  river  Don,"  observes  Mr.  Farquharson,  in  his  account  of 
the  inundations,  *«  has  upon  my  own  premises  forced  a  mass  of  fonr  or 
five  hundred  tons  of  stones,  many  of  them  two  or  three  hundred  pounds 
weight,  up  an  inclined  plane,  rising  six  feet  in  eight  or  ten  yards,  and 
left  them  in  a  rectangular  heap,  about  three  feet  deep,  on  a  flat  gronnd^— 
the  heap  ends  abruptly  at  its  lower  extremity.'*! 

The  power  even  of  a  small  rivulet,  when  swoln  by  rain,  in  removing 
heavy  bodies,  was  lately  exemplified  in  the  College,  a  small  suream  which 
flows  at  a  moderate  declivity  from  the  eastern  water-shed  of  the  Cheviol- 
Hills.  Several  thousand  tons*  weight  of  gravel  and  sand  were  transported 
to  the  plain  of  the  Till,  and  a  bridge  then  in  progress  of  building  was 
carried  away,  some  of  the  arch-stones  of  which,  weighing  from  half  to 
three«quarters  of  a  ton  each,  were  propelled  two  miles  down  the  rivuleU 
On  the  same  occasion,  the  current  tore  away  from  the  abutment  of  a 
mill-dam  a  large  block  of  greenstone-porphyry,  weighing  nearly  two 
tons,  and  transported  it  to  the  distance  of  a  quarter  of  a  mile.  Instanees 
are  related  as  occurring  repeatedly,  in  which  from  one  to  three  thousand 
tone  of  gravel  are,  in  like  manner,  removed  by  this  streamlet  to  still 
greater  distances  in  one  day.:|: 

In  the  cases  above  adverted  to,  the  waters  of  the  river  and  torrent  were 
dammed  back  by  the  bridges,  which  acted  as  partial  barriers,  and  illustrate 
the  irresistible  force  of  a  current  when  obstructed.  Bridges  are  also  liable 
to  be  destroyed  by  the  tendency  of  rivers  to  shift  their  course,  whereby 
the  pier,  or  the  rock  on  which  the  foundation  stands,  is  undermined. 

When  we  consider  how  insignificant  are  the  volume  and  velocity  of 
the  rivers  and  streams  in  our  island,  when  compared  to  those  of  the  Alps 
and  oiher-lofty  chains,  and  how,  during  the  successive  changes  which  the 

*  Sir  T.  D.  Lauder*B  Account  of  the  Great  Floods  in  Morayshire,  Avig,  1829. 

t  Quarterly  Journ.  of  Sci.  &c.  No.  xii  New  Seriea,  p.  331. 

t  See  a  paper  by  Mr.  Culley ,  F.  G  8.,  Proceeding!  of  Geol.  Soc.  No.  lU,  1889. 
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levels  of  Tarious  districts  have  undergone,  the  contingencies  which  give 
rise  to  floods  most  have  been  multiplied,  we  may  easily  conceive  that  the 
quantity  of  loose  superficial  matter  distributed  over  Europe  must  be  con- 
siderable. That  the  position  also  of  a  great  portion  of  these  travelled 
materials  should  now  appear  most  irregular,  and  should  often  bear  no 
relation  to  the  existing  water-drainage  of  the  country,  is  a  necessary  con- 
sequence, as  we  shall  afterwards  see,  of  the  combined  operations  of  run- 
ning wafer  and  subterranean  movements. 

Effects  of  ice  in  removing  f^onej.— In  mountainous  regions  and  high 
northern  latitudes,  the  moving  of  heavy  stones  by  water  is  greatly 
assisted  by  the  ice  which  adheres  to  them,  and  which,  forming  together 
with  the  rock  a  mass  of  less  specific  gravity,  is  readily  borne  along.* 
The  snow  which  falls  on  the  summits  of  the  Alps  throughoul  nine 
months  of  the  year  is  drifted  into  the  higher  valleys,  and  being  pressed 
downward  by  its  own  weight,  forms  those  masses  of  ice  and  snow  called 
glaeiere.  Large  portions  of  these  often  descend  into  the  lower  valleys, 
where  they  are  seen  in  the  midst  of  forests  and  green  pastures.  The 
mean  depth  of  the  glaciers  descending  from  Mont  Blanc  is  from  80  to 
IM  feet,  and  in  some  chasms  is  seen  to  amount  to  600  feett  The  sur- 
face of  the  moving  mass  is  usually  loaded  with  sand  and  large  stones, 
derived  from  the  disintegration  of  the  surrounding  rocks  acted  upon  by 
frost  These  transported  materials  are  generally  arranged  in  long 
ridges  or  mounds,  sometimes  thirty  or  forty  feet  high.  They  are  often 
two,  three,  or  even  more  in  number,  like  so  many  lines  of  intrenchment, 
and  consist  of  the  debris  which  have  been  brought  in  by  lateral  glaciers. 
The  whole  accumulation  is  called  in  Switzeriand  **  the  moraine,'*  which 
is  slowly  conveyed  to  inferior  valleys,  and  left  where  the  snow  and  ice 
melt,  upon  the  plain,  the  larger  blocks  remaining,  and  the  smaller  being 
swept  away  by  the  stream  to  which  the  melting  of  the  ice  gives  rise. 
This  stream  flows  along  the  bottom  of  each  glacier  issuing  from  an  areh 
at  its  lower  extremity. 

In  northern  latitudes,  where  glaciers  descend  into  valleys  terminating 
in  the  sea,  great  masses  of  ice,  on  arriving  at  the  shore,  are  occasionally 
detached  and  floated  ofl*  together  with  their  **  moraine."  The  currents 
of  the  ocean  are  then  often  instrumental  in  transporting  them  to  great 
distances.  Scoresby  counted  500  icebergs  drifting  along  in  latitude  69^ 
and  70°  north,  which  rose  above  the  surface  from  the  height  of  100  to  200 
feet,  and  measured  from  a  few  yards  to  a  mile  in  circumference.^  Many 
of  these  contained  strata  of  earth  and  stones,  or  were  loaded  with  beds  of 
rock  of  great  thickness^of  which  the  weight  was  conjectured  to  be  from 
60,000  to  100,000  tons.  Such  bergs  must  be  of  great  magnitude; 
because  the  mass  of  ice  below  the  level  of  the  water  is  between  seven 

\ 

*  Silliman*!  Journal,  No.  xxx.  p.  303. 

t  Saawure,  Voy.  dans  let  Alpes,  torn.  i.  p.  440. 

t  Voyage  in  1822,  p.  233. 
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the  Calttbiano  op  the  eastern  side  of  Etna,  has  not  yet  cot  down  to  tk« 
ancient  bed  of  which  it  was  dispossessed,  and  of  which  the  probable  posi- 
tion is  indicated  in  the  annexed  diagimmf  (o,  Fig.  8.) 

On  entering  the  narrow  nomine  where  the  water  foams  down  the  two 
catarar.ts,  we  are  entirely  shut  out  from  all  view  of  the  surrounding  ooob- 
try ;  and  a  geologist  who  is  accustomed  to  associate  the  chaiaetoristie 
features  of  the  landscape  with  the  relative  age  of  certain  rocks,  ean  scarce- 
ly dissuade  himself  from  the  belief  that  he  is  contemplating  a  scone  is 
some  rocky  gorge  of  a  primary  district.  The  external  forms  of  the  hard 
blue  lava  are  as  massive  as  any  of  the  most  ancient  trap-rocke  of  Scot- 
land. The  solid  surface  is  in  some  parts  smoothed  and  almost  polished 
by  attrition,  and  covered  in  others  with  a  white  lichen,  which  imparts  to 
it  an  air  of  extreme  antiquity,  so  as  greatly  to  heighten  the  delusion.  But 
the  moment  we  re-ascend  the  cliff  the  spell  is  broken :  for  we  scarcely 
recede  a  fev^  paces,  before  the  ravine  and  river  disappear,  and  we  stand 
on  tlie  black  and  rugged  surface  of  a  vast  current  of  lava,  which  seems 
unbroken,  and  which  we  can  trace  up  nearly  to  the  distant  summit  of  that 
majestic  cone  which  Pindar  called  '*  the  pillar  of  heaven,'*  and  which  still 
continues  to  send  forth  a  fleecy  wreath  of  vapour,  reminding  as  that  its 
fires  are  not  extinct,  and  that  it  may  again  give  out  a  rocky  stream, 
wherein  other  scenes  like  that  now  described  may  present  themselves  to 
future  observers. 

Falls  of  Niagara, — The  falls  of  Niagara  afford  a  magnificent  example 
of  the  progressive  excavation  of  a  deep  valley  in  solid  rock.  That  river 
fiows  from  Lake  Erie  to  Lake  Ontario,  the  former  lake  being  330  feet 
above  the  latter,  and  the  distance  between  them  being  thirty-two  miles. 
On  flowing  out  of  the  upper  lake,  the  river  is  almost  on  a  level  with  its 
banks ;  so  that,  if  it  should  rise  perpendicularly  eight  or  ten  feet,  it  would 
lay  under  water  the  adjacent  flat  country  of  Upper  Canada  on  the  West, 
and  of  the  State  of  New  York  on  the  East.*  The  river,  where  it  issues, 
is  about  three-quarters  of  a  mile  in  width.  Before  reaching  the  falls,  it  is 
propelled  with  great  rapidity,  being  a  mile  broad,  about  twenty-five  feet 
deep,  and  having  a  descent  of  fifty  feet  in  half  a  mile.  An  island  at  the 
very  verge  of  the  cataract  divides  it  into  two  sheets  of  water;  one 
of  these,  called  the  Horse-shoe  Fall,  is  600  yards  wide,  and  168 
feet  perpendicular;  the  other,  called  the  American  Falls,  is  about 
200  yards  in  width,  and  164  feet  in  height.  The  breadth  of  the 
island  is  about  five  hundred  yards.  This  great  sheet  of  water  is  precipi- 
tated over  a  ledge  of  hard  limestone,  in  horizontal  strata,  below  which  is 
a  somewhat  greater  thickness  of  soft  shale,  which  decays  and  crumbles 
away  more  rapidly,  so  that  the  calcareous  rock  forms  an  overhanging 
mass,  projecting  forty  feet  or  more  above  the  hollow  space  below. 

The  blasts  of  wind,  charged  with  spray,  which  rise  out  of  the  pool 

*  Captain  HalPt  Travels  in  North  America,  vol.  i.  p.  179. 
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into  which  this  enormous  cascade  is  projected,  strike  against  the  shak 
beds,  so  that  their  disintegration  is  constant ;  and  the  superincumbent 
limestone,  being  left  without  a  foundation,  falls  from  time  to  time  in  rocky 
masses.  When  these  enormous  fragments  descend,  a  shock  is  felt  at 
soine  distance,  accompanied  by  a  noise  like  a  distant  clap  of  thunder. 
After  the  ri?er  has  passed  over  the  falls,  its  character,  observes  Captain 
HalJ,  is  immediately  and  completely  changed.  It  then  runs  furiously 
along  the  bottom  of  a  deep  wall-sided  valley,  or  huge  trench,  which  has 
been  cut  into  the  horizontal  strata  by  the  continued  action  of  the  stream 
during  the  lapse  of  ages.  The  cliffs  on  both  sides  are  in  most  places  per- 
pendicular, and  the  ravine  is  only  perceived  on  appi^oaching  the  edge  of 
the  precipice.* 

The  waters,  which  expand  at  the  falls,  where  they  are  divided  by  the 
island,  are  contracted  again,  after  their  union,  into  a  stream  not  more 
than  160  yards  broad.  In  the  narrow  channel,  immediately  below  this 
immense  rush  of  water,  a  boat  can  pass  across  the  stream  with  ease. 
The  pool,  it  is  said,  into  which  the  cataract  is  precipiuted,  being  170  feet 
deep,  the  descending  water  sinks  down  and  forms  an  under-current,  while 
a  superficial  eddy  carries  the  upper  stratum  back  towards  the  main  fall.t 
This  is  not  improbable ;  and  we  must  also  suppose,  that  the  confluence  of  v 
the  two  streams,  which  meet  at  a  considerable  angle,  tends  mntisally  to 
neutralize  their  forces.  The  bed  of  the  river  below  the  falls  is  strewed 
over  with  huge  fragments  which  have  been  hurled  down  into  the  abyss. 
By  the  continued  destruction  of  the  rocks,  the  falls  have,  within  the  last 
forty  years,  receded  nearly  fifty  yards,  or,  in  other  words,  the  ravine  has 
been  prolonged  to  that  extent.  Through  this  deep  chasm,  the  Niagara 
flows  for  about  seven  miles ;  and  then  the  table-land,  which  is  almost  on 
a  level  with  Lake  Erie,  suddenly  sinks  down  at  a  town  called  Queens- 
town,  and  the  river  emerges  from  the  ravine  into  a  plain,  which  continues 
to  the  shores  of  Lake  Ontario. 

Recession  of  the  Falls. — There  seems  good  foundation  for  the  general 
opinion,  that  the  falls  were  once  at  Queenstown,  and  that  they  have 
gradually  retrograded  from  that  place  to  their  present  position,  about 
leven  miles  distant.  The  table-land,  extending  from  thence  to  Lake 
Erie,  consists  uniformly  of  the  same  geological  formations  as  are  now 
exposed  to  view  at  the  falls.  The, upper  siratum  is  an  ancient  alluvial 
sand,  varying  in  thickness  from  10  to  140  feet;  below  which  is  a  bed  of 
hard  limestone,  about  ninety  feet  in  thickness,  stretching  nearly  in  a  hori- 
zontal direction  over  the  whole  country,  and  forming  the  bed  of  the  river 
^ove  the  falls,  as  do  the  inferior  shales  below.     The  lower  shale  is 

*  HalVs  Travels  in  North  America,  vol.  i.  pp.  195, 196.  216. 

t  See  Mr.  Bake  well  Jan.  on  the  Falb  of  Ni&(|rara,  with  two  descriptive  drawings  of 
the  coantiy  between  Lakes  Erie  and  Ontario,  including  the  Falls.^Loadon's  Mag. 
»f  Nat.  Hist.  No.  zii.  March,  1830. 
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fmxly  M  tho  iiiiii0  thioknfess  M  the  limestone  $  but  this  liurt  ie  fttid  to 
Ihiekett  at  the  tK>iiit  now  teached  by  the  falls,  a  einsumstance  wlikh  ititjr 
iiiable  it  in  future  to  oflTer  greater  resistanee  to  the  foree  of  the  catanet* 

If  the  ratio  of  recession  had  never  exceeded  fifty  3rards  in  forty  jrean, 
il  mnfet  hatto  required  nearly  10,000  years  for  the  excaTation  of  the 
Whole  ravine;  but  scarcely  any  estimate  can  be  formed  of  the  qnahtiqr  of 
Ume  consumed  in  such  an  operation,  because  the  retrograde  movemeat 
Iras  probably  knuch  inore  rapid  when  the  whole  current  was  eonfiMd 
Within  a  space  not  6x6eeding  a  fourth  or  fifUi  of  that  which  the  ialla  now 
oeeupy.  Should  the  imsive  action  not  be  accelerated  in  futnret  h  will 
Inquire  upwards  of  80,000  years  for  the  falls  to  reach  Lake  Erie  (twen^- 
^ve  miles  distant),  to  which  they  seem  destined  to  arriTC  in  the  eeone 
tt  tkae,  unless  some  earthquake  changes  the  relative  levels  of  the  district. 

If  that  gt^t  lake  should  remain  in  its  present  state  until  the  periU 
When  the  ravine  recedto  to  its  shores,  the  sudden  escape  of  so  vast  a  body 
of  water  might  cause  a  tremendous  deluge ;  for  the  ravine  would  be  midi 
inore  than  sufficient  to  drain  the  whole  lake,  of  which  the  average  depth 
Wa^  found,  during  the  late  survey,  to  be  only  10  or  IS  fathoms.  But,  ia 
Mnsequence  of  its  shallowness.  Lake  Erie  is  fast  filling  up  with  aedi^ 
ttent ;  and  it  may  be  questioned,  whether  its  entire  area  may  not  be  con- 
verted into  dry  land,  before  the  falls  recede  so  far« 


CHAPTER   II. 
ACTION  OF  RUNNiKo  WATER — Continued. 

Cdittae  bf  the  Po— Desertion  of  iu  old  channel— Artificial  embanhinefata  bf  th^  Pe^ 
Adige,  and  other  Italian  rivera— Basin  of  the  MitgiMit>ppi-.|to  meand^rs-^IiliBdi 
•^-Sliiftinf  of  ita  eourae— Raft  of  the  Atehafalaya  (p.  ]68.)->Drift  woo4«.lle#- 
formed  lakea  in  Louiaianar— Earthquakes  in  valley  of  Missisaippi^Floodi  eaoacd 
by  land-slips  in  the  White  Mountains  (p.  186.)— Bursting  of  a  lake  in  8witaer« 
land — Devastations  caused  by  the  Anio  at  Tivoli. 

Coufst  bfthe  Po.—Tnt  Po  affords  an  instrucliYe  example  of  tfie  maiihei' 
in  which  a  great  river  bears  down  to  the  sea  the  matter  poured  into  it  by 
a  multitude  of  tributaries  descending  from  lofty  chains  of  mountatna.  The 
changes  gradually  effected  in  the  great  plain  of  Northern  Italy,  since  the 
tinie  of  the  Roman  repnUio,  are  considerable.    Extensive  Isikts  and 
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■arshes  haY0  be«B  g^ually  filled  up,  as  ihoM  near  Plamntia,  Panna, 
and  CreiBoaa»  and  many  have  been  drained  naturally  by  the  deepening  of 
the  beda  of  rivers.  Deserted  river-eourses  are  not  unfrequent,  as  that  of 
the  Seiio  Morto,  which  formerly  fell  into  the  Adda*  in  Lombardy;  and 
the  Po  itsdf  has  often  deviated  from  its  course.  Subsequently  to  the 
year  1990,  it  deserted  part  of  the  territory  of  Oiemona,  and  invaded  thai 
of  Parma;  its  old  channel  being  still  recognisable,  and  bearing  the  name 
of  Po  Morto.  Bressello  is  one  of  the  towns  of  which  the  site  was  for- 
merly on  the  left  of  the  Po,  but  which  is  now  on  the  right  bank.  There 
is  also  an  old  channel  of  the  Po  in  the  territory  of  Parma,  called  Po 
Vecchio,  which  was  abandoned  in  the  twelfth  century,  when  a  great 
number  of  towns  were  destroyed.  There  are  records  of  parish  churches, 
as  those  of  Vicobellignauo,  Agojolo,  and  Martignana,  having  been  pulled 
down  and  afterwards  rebuilt  at  a  greater  distance  from  the  devouring 
stream.  In  the  fifteenth  century  the  main  branch  again  resumed  its 
deserted  channel,  and  carried  away  a  great  island  opposite  Casalmaggiore* 
At  the  end  of  the  same  century  it  abandoned,  a  second  time,  the  bed 
ealled  *«Po  Vecchio,"  carrying  away  three  streets  of  Gasalmaggiore. 
The  friars  in  the  monastery  de'  Serviti,  took  the  alarm  in  1471,  de- 
molished their  buildings,  and  reconstructed  them  at  Fontana,  whither  they 
had  transported  the  materials.  In  like  manner,  the  church  of  S.  Rocco 
was  demolished  in  1511.  In  the  seventeenth  century  also  the  Po  shifted 
its  course  for  a  mile  in  the  same  district,  causing  great  devastations.*   - 

Artificial  embankments  of  Italian  rivers. — To  check  these  and  similar 
aberrations,  a  general  system  of  embankment  has  been  adopted ;  and  the 
Po,  Adige,  and  almost  all  their  tributaries,  are  now  confined  between  high 
artificial  banks.  The  increased  velocity  acquired  by  streams  thus  closed 
in,  enables  them  to  convey  a  much  larger  portion  of  foreign  matter  to  the 
sea ;  and,  consequently,  the  deltas  of  the  Po  and  Adige  have  gained  far 
more  rapidly  on  the  Adriatic  since  the  practice  of  embankment  became 
almost  universal.  But,  although  more  sediment  is  borne  to  the  sea,  part 
of  the  sand  and  mud,  which  in  the  natural  state  of  things  would  be  spread 
out  by  annual  inundations  over  the  plain,  now  subsides  in  the  bottom  of 
the  river-channels;  and  their  capacity  being  thereby  diminished,  it  is 
necessary,  in  order  to  prevent  inundations  in  the  following  spring,  to  ex- 
tract matter  from  the  bed,  and  to  add  it  to  the  banks,  of  the  river.  Hence 
it  happens  that  these  streams  now  traverse  the  plain  on  the  top  of  high 
mounds,  like  the  waters  of  aqueducts,  and  at  Ferrara  the  surface  of  the 
Po  has  become  more  elevated  than  the  roofs  of  the  houses.t  The  mag- 
nitude of  these  barriers  is  a  subject  of  increasing  expense  and  anxiety,  it 
having  been  sometimes  found  necessary  to  give  an  additional  height  of 
neariy  one  foot  to  the  banks  of  the  Adige  and  Po  in  a  single  season. 

*  Dell*  Antico  Corso  de*  Fiumi  Po,  Oglio,  ed  Adda,  dtU'  Oievaaai 
BiUan,  18». 
t  Prony,  wm  Gwnsr,  Dim.  Pi^lia.  p.  146. 


180  BA81N  OF  THE  MISSISSIPPI.  [Book  II. 

.  The  practice  of  embankment  was  adopted  on  some'  of  the  Itaiian 
riven  as  early  as  the  thirteenth  century ;  and  Dante,  writing  in  the  begin- 
ning of  the  fourteenth,  describes,  in  the  seventh  circle  of  hell,  a  rivulet  of 
tears  separated  from  a  burning  sandy  desert  by  embankments  **  like  thoM 
which,  between  Ghent  and  Bruges,  were  raised  against  the  ocean,  cr 
those  which  the  Paduans  had  erected  along  the  Drenta  to  defend  their 
villas  on  the  melting  of  the  Alpine  snows." 

Quale  i  Flamminghi  tra  Guzzante  e  Bruggia, 
Temendo  il  fiotto  che  in  ver  lor  s'av venta, 
Fanno  lo  schenno,  perchi  il  mar  si  Aiggia, 
£  quale  i  Paduvan  \ungo  la  Brenta, 
Per  difender  lor  ville  e  lor  castelli, 
Ami  che  Chiarentana  il  caldo  aentar^ 

Inferno,  Canto  zv. 

Basin  of  the  Mississippi, — The  hydrograpical  basin  of  the  Mississippi 
dbplays,  on  the  grandest  scale,  the  action  of  running  water  on  the  surface 
of  a  vast  continent.  This  magnificent  river  rises  nearly  in  the  forty- 
ninth  parallel  of  north  latitude,  and  flows  to  the  Gulf  of  Mexico  in 
the  twenty-ninth<^a  course,  including  its  meanders,  of  nearly  6000 
miles.  It  passes  from  a  cold  arctic  climate,  traverses  the  temperate 
regions,  and  discharges  its  waters  into  the  sea  in  the  region  of  the  olive, 
the  fig,  and  the  sugar  cane.*  No  river  aflfords  a  more  striking  illustratioD 
of  the  law  before  mentioned,  that  an  augmentation  of  volume  does  not 
occasion  a  proportional  increase  of  surface,  nay,  is  even  sometimes 
attended  with  a  narrowing  of  the  channel.  The  Mississippi  is  half  a 
mile  wide  at  its  junction  with  the  Missouri,!  the  latter  being  also  of 
equal  width ;  yet  the  united  waters  have  only,  from  their  confluence  to 
the  mouth  of  the  Ohio,  a  medial  width  of  about  three  quarters  of  a  mile. 
The  junction  of  the  Ohio  seems  also  to  produce  no  increase,  but  rather  a 
decrease,  of  surface.!  The  St.  Francis,  White,  Arkansas,  and  Red 
rivers,  are  also  absorbed  by  the  main  stream  with  scarcely  any  apparent 
increase  of  its  width ;  and,  on  arriving  near  the  sea  at  New  Orleans,  it  is 
somewhat  less  than  half  a  mile  wide.  Its  depth  there  is  very  variable, 
the  greatest  at  high  water  being  168  feet.  The  mean  rate  at  which  the 
whole  body  of  water  flows  is  variously  estimated.  According  to  some,  it 
does  not  exceed  one  mile  an  hour.§ 

The  alluvial  plain  of  this  great  river  is  bounded  on  the  east  and  west 
by  great  ranges  of  mountains  stretching  along  their  respective  oceans. 


*  Flint's  Geography,  vol.  i.  p.  21. 

t  Flint  says  (vol.  i.  p.  140)  that,  where  the  Mississippi  receives  the  Missouri,  it  is 

a  mile  and  a  half  wide,  but,  according  to  Captain  B.  Hall,  this  is  a  great  mistake. 

Travels  in  North  America,  vol.  iii.  p.  338. 

t  Flint's  Greography,  vol.  i.  p.  142. 

§  Hall's  Travels  in  North  America,  vol.  iii.  p.  330,  who  cites  Darby. 
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Below  the  janction  of  the  Ohio,  the  plain  is  from  thirty  to  fifty  miles 
broad*  and  after  that  point  it  goes  on  increasing  in  width,  till  the  expanse 
is  perhaps  three  times  as  great !  On  the  borders  of  this  vast  alluvial 
tract  are  perpendicular  clifis,  or  *'  bluffs,"  as  they  are  called,  sometimes 
three  hundred  feet  or  more  in  height,  composed  of  limestone  and  other 
rocks,  and  often  of  alluvium.  For  a  great  distance  the  Mississippi 
washes  the  eastern  **  blufis ;  and  below  the  mouth  of  the  Ohio,  never 
once  comes  in  contact  with  the  western.  The  waters  are  thrown  to  the 
eastern  side,  because  all  the  large  tributary  rivers  entering  from  the  west, 
have  filled  that  side  of  the  great  valley  with  a  sloping  mass  of  clay  and 
sand.  For  this  reason,  the  eastern  blufis  are  continually  undermined, 
and  the  Mississippi  is  slowly  but  incessantly  progressing  eastward.* 

Curves  of  the  Misaiasippi.^-^The  river  traverses  the  plain  in  a  mean* 
dering  coarse,  describing  immense  and  uniform  curves.  After  sweeping 
round  the  half  of  a  circle,  it  is  carried  in  a  rapid  current  diagonally  across 
its  own  channel,  to  another  curve  of  the  same  uniformity  upon  the  oppo- 
site shore.t  These  curves  are  so  regular,  that  the  boatmen  and  Indians 
calculate  distances  by  them.  Opposite  to  each  of  them  there  is  always 
»  sand-bar,  answering,  in  the  convexity  of  its  form,  to  the  concavity  of 
**  the  bend,"  as  it  is  called.it  '^^^  river,  by  continually  wearing  these 
corves  deeper,  returns,  like  many  other  streams  before  described,  on  its 
own  tract,  so  that  a  vessel  in  some  places,  after  sailing  for  twenty-five  or 
thirty  miles,  is  brought  round  again  to  within  a  mile  of  the  place  whence 
it  started.  When  the  waters  approach  so  near  to  each  other,  it  often 
happens  at  high  floods  that  they  burst  through  the  small  tongue  of  land, 
and  insulate  a  portion,  rushing  through  what  is  called  the  **  cut  ofi'"  with 
great  velocity.  At  one  spot,  called  the  **  grand  cut  off,"  vessels  now 
pass  from  one  point  to  another  in  half  a  mile  to  a  distance  which  it  for- 
merly required  a  voyage  of  twenty  miles  to  reach.§ 

White  of  its  banks, — After  the  flood  season,  when  the  river  subsides 
within  its  channel,  it  acts  with  destructive  force  upon  the  alluvial  banks, 
softened  and  diluted  by  the  recent  overflow.  Several  acres  at  a  time, 
thickly  covered  with  wood,  are  precipitated  into  the  stream ;  and  large 
portions  of  \he  islands  formed  by  the  process  before  described  are  swept 
away. 

'*  Some  years  ago,"  observes  Captain  Hall,  '*  when  the  Mississippi 
was  regularly  surveyed,  all  its  islands  were  numbered,  from  the  confluence 
of  the  Missouri  to  the  sea ;  but  every  season  makes  such  revolutions,  not 
ohly  in  the  number  but  in  the  magnitude  and  situation  of  these  islands, 
that  this  enumeration  is  now  almost  obsolete.  Sometimes  large  islands 
are  entirely  melted  away — at  other  places  they  have  attached  themselves 

*  Geograph.  Descrip.  of  the  State  of  Louisiana,  by  W.  Darby,  Philadelphia,  1816, 
p.  102. 
t  Fliot's  Geog.  vol.  i.  p.  153.  t  Ibid.  §  Ibid.  p.  154. 
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to  th^  main  vhore,  or,  which  is  the  more  oorreot  italemeiilv  tba  inlerfil 
haa  been  filled  up  by  myriada  of  loga  eemented  together  b j  mud  and  lab^ 
biah."*  When  the  Miaaiaaippi  and  many  of  ita  great  tribatariea  overflow 
their  banka,  the  waters,  being  no  longer  borne  down  by  the  main  emmal, 
and  becoming  impeded  amongst  the  treea  and  buahea,  depoait  the  aadh 
ment  of  mud  and  aand  with  which  they  are  abnndandy  charged*  lalaodi 
arreat  the  progresa  of  floating  treea,  and  they  oAen  become  in  thia  mannv 
reunited  to  the  land ;  the  rafta  of  treea,  together  with  mud,  oonatitotiof  at 
length  a  solid  maaa.  The  coaraer  and  more  sandy  portion  ia  thiowa 
down  first  nearest  the  banks ;  and  finer  particlea  are  depoaited  at  ths 
£irtheat  distances  from  the  ri?er,  where  an  impalpable  mixture  aubaidei, 
forming  a  atifif  unctuoua  black  aoil.  Hence,  in  the  alluTial  plaina  of  these 
ri?era  the  land  alopea  back,  like  a  natural  glacia  towarda  the  eliffii  booad^ 
iog  the  great  valley  (aee  Fig.  0.),  and  during  the  innndationa  of  the  hi( 

Fig.  9. 


a,  Channel  of  the  river.  6,  Base  of  the  "bluflb." 


eat  part  of  the  banka  form  narrow  atripa  of  dry  ground,  rising  abotv 
the  river  on  one  aide,  and  above  the  low  flooded  country  oq  the  other. 
The  Mississippi  therefore  has  been  described  aa  a  river  running  on  ths 
top  of  a  long  hill  or  ridge,  which  haa  an  elevation  of  twenty»foar  Ibal 
in  its  higheat  part,  and  a  base  three  miles  in  average  diameter.  Flint, 
however,  remarks,  that  thia  picture  is  not  very  correct,  for,  notwith- 
standing the  comparative  elevation  of  the  banks,  the  deepest  part  of  the 
bed  of  the  river  (a.  Fig.  0.)  is  uniformly  lower  than  the  low  eat  point  of 
the  alluvium  at  the  base  of  the  bluflfs.  t 

It  has  been  said  of  a  mountain  torrent  that  **  it  lays  down  what  it  will 
remove,  and  removes  what  it  has  laid  down;*'  and  in  like  manner  the 
Miasissippi,  by  the  continual  shifting  of  its  course,  sweeps  away,  during 
a  great  portion  of  the  year,  considerable  tracta  of  alluvium  which  were 
gradually  accumulated  by  the  overflow  of  former  years,  and  the  matter 
now  left  during  the  spring-floods  will  be  at  some  future  time  removed. 

Raft  oflht  Atchafalaya. — One  of  the  most  interesting  featurea  in  this 
basin  is  "  the  raft.'*  The  dimensions  of  this  mass  of  timber  were  given 
yl  by  Darby,  in  1816,  as  ten  miles  in  length,  about  220  yards  wide,  and 
eight  feet  deep,  the  whole  of  which  had  accumulated  in  conaequenee  of 
aome  obstruction,  during  about  thirty-eight  yeara,  in  an  arm  of  the  Mis- 
sissippi, called  the  Atchafalaya,  which  is  supposed  to  have  been  at  aome 
past  time  a  channel  of  the  Red  River  before  it  intermingled  ita  waters 
with  the  main  stream.     This  arm  is  in  a  direct  line  with  the  general 

*  Travels  in  North  America,  vol.  iii.  p.  361. 
t  Flint's  Geofrrapby,  vol.  i.  p.  151. 
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MHiTse  ofthd  MitiiMippi,  and  it  catches  a  large  portion  of  A6  drift  wood 
innually  broaght  down. 

The  mass  of  timber  in  the  mft  is  continually  inereaaing,  and  the  whole 
rises  and  falls  with  the  water.  Although  floating^  it  is  covered  with  green 
boshes,  like  a  tract  of  solid  land»  and  its  surface  is  enlivened  in  the  autumn 
bj  a  Tariety  of  beautiful  flowers. 

The  raAs  on  Red  River  are  equally  remarkable;  in  some  parts  of  its 
ooarse,  eedar  trees  are  heaped  up  by  themselveSi  and  in  other  places  pines^ 
Thari  is  also  a  raA  on  the  Washita,  the  principal  tributary  of  the  Red 
River,  which  seriously  interrupts  the  navigation,  concealing  the  whole 
river  for  seventeen  leagues.  This  natural  bridge  is  described  in  1804  as 
supporting  all  the  plants  then  growing  in  the  neighbouring  forest,  not 
eiceepting  large  trees ;  and  so  perfectly  was  the  stream  concealed  by  the 
superineumbent  mass,  that  it  might  be  crossed  in  some  places  without  any 
knowledge  of  its  existence** 

Drifi  ^eoi^^-^Notwithstanding  the  astonishing  number  of  cubic  feet 
of  timber  arrested  by  the  raAs,  great  deposits  are  unceasingly  in  progress 
al  the  extremity  of  the  delta  in  the  Bay  of  Mexico*  **  Unfortunately  for 
the  navigation  of  the  Mississippi,"  observes  Captain  Hall,  **  some  of  the 
largest  trunks,  after  being  cast  down  from  the  position  on  which  they 
grew,  get  their  roots  entangled  with  the  bottom  of  the  river,  where  they 
remain  anchored,  as  it  were,  in  the  mud.  The  force  of  the  current  natu- 
rally gives  their  tops  a  tendency  downwards,  and,  by  its  flowing  past, 
soon  strips  them  of  their  leaves  and  branches.  These  fixtures,  called 
snags  or  planters,  are  extremely  dangerous  to  the  steam-vessels  proceed- 
ing up  the  stream,  in  which  they  lie  like  a  lance  in  rest,  concealed  be- 
ireath  the  water,  with  their  sharp  ends  pointed  directly  against  the  bow 
of  the  vessels  coming  up.  For  the  most  part,  these  formidable  snags 
remain  so  still,  that  they  can  be  detected  only  by  a  slight  ripple  above 
them,  not  perceptible  to  inexperienced  eyes.  Sometimes,  however,  they 
tibrete  up  and  down,  alternately  showing  their  heads  above  the  surface 
add  bathing  them  beneath  it.**t  So  imminent  is  the  danger  caused  by 
th^se  obstructions,  that  almost  all  the  boats  on  the  Mississippi  are  con- 
structed on  a  particular  plan,  to  guard  against  fatal  accidents.): 

The  prodigious  quantity  of  wood  annually  driAed  down  by  the  Missis- 
sippi and  its  tributaries,  is  a  suject  of  geological  interest,  not  merely  as 

*  Ifaviffator,  p.  tl63.  Pittsburgh,  1821. 

t  Trafeli  in  North  Americm,  vol.  iii.  p.  362. 

t  "  The  boats  are  fitted,"  says  Captain  Hall,  **  with  what  is  called  a  snag-chamber; 
—a  partition  formed  of  stout  planks,  which  is  caulked,  and  made  so  effectually  water- 
tight, that  the  foremost  end  of  the  vessel  is  cut  off  as  entirely  from  the  rest  of  the 
hold  as  if  It  belonged  to  another  boat.  If  the  steam-Teasel  happen  to  ran  against  a 
mag,  and  that  a  hole  is  made  in  her  bow,  under  the  surftce,  this  chamber  merely 
fills  with  water.*'— Travels  in  North  America,  vol.  iii.  p.  363. 
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illnstrating  the  manner  in  which  abundance  of  vegetable  matter  beeomct, 
in  the  ordinary  course  of  nature,  imbedded  in  aubmarine  and  ettnary 
deposits,  but  as  attesting  the  constant  destruction  of  soil  and  transporta- 
tion of  matter  to  lower  levels  by  the  tendency  of  rivers  to  shift  thnr 
courses.  Each  of  these  trees  must  have  required  many  years,  some  of 
them  many  centuries,  to  attain  their  full  size  ;  the  soil,  therefore,  whereon 
they  grew,  after  remaining  undisturbed  for  long  periods,  is  ultimately  lorn 
up  and  swept  away.  Yet,  notwithstanding  this  incessant  destruction  of 
land  and  up-rooting  of  trees,  the  region  which  yields  this  never-fiuling 
supply  of  drill  wood  is  densely  clothed  with  noble  forests,  and  is  almost 
unrivalled  in  its  power  of  supporting  animal  and  vegetable  life. 

Innumerable  herds  of  wild  deer  and  bisons  feed  on  the  luxurious  pastnrei 
of  the  plains.  The  jaguar,  the  wolf,  and  the  fox,  are  amongst  the  beasti 
of  prey.  The  waters  teem  with  alligators  and  tortoises,  and  their  eorfaee 
is  covered  with  millions  of  migratory  water-fowl,  which  perform  their 
annual  voyage  between  the  Canadian  lakes  and  the  shores  of  the  Mexican 
Gulf.  The  power  of  man  begins  to  be  sensibly  felt,  and  the  wildemesf 
to  be  replaced  by  towns,  orchards,  and  gardens.  The  gilded  steam-boat, 
like  a  moving  city,  now  stems  the  current  with  a  steady  pace-nnow 
shoots  rapidly  down  the  descending  stream  through  the  solitudes  of  the 
forests  and  prairies.  Already  does  the  flourishing  population  of  the  great 
valley  exceed  that  of  the  thirteen  United  States  when  first  they  declared 
their  independence,  and,  after  a  sanguinary  struggle,  were  severed  from 
the  parent  country.*  Such  is  the  stale  of  a  continent  where  rocks  and 
trees  are  hurried  annually,  by  a  thousand  torrents,  from  the  mountains  to 
the  plains,  and  where  sand  and  finer  matter  are  swept  down  by  a  vast 
current  to  the  sea,  together  with  the  wreck  of  countless  forests  and  the 
bones  of  animals  which  perish  in  the  inundations.  When  these  materials 
reach  the  Gulf,  they  do  not  render  the  waters  unfit  for  aquatic  animals; 
but,  on  the  contrary,  the  ocean  here  swarms  with  life,  as  it  generally 
does  where  the  influx  of  a  great  river  furnishes  a  copious  supply  of  organic 
and  mineral  matter.  Yet  many  geologists,  when  they  behold  the  spoils 
of  the  land  heaped  in  successive  strata,  and  blended  confusedly  with  the 
remains  of  fishes,  or  interspersed  with  broken  shells  and  corals,  imagine 
that  they  are  viewing  the  signs  of  a  turbulent  instead  of  a  tranquil  and 
settled  state  of  the  planet.  They  read  in  such  phenomena  the  proof  of 
chaotic  disorder,  and  reiterated  catastrophes,  instead  of  indications  of  a 
surface  as  habitable  as  the  most  delicious  and  fertile  districts  now  tenanted 
by  man.  They  are  not  content  with  disregarding  the  analogy  of  the  pre- 
sent course  of  Nature,  when  they  speculate  on  the  revolutions  of  past 
times,  but  they  often  draw  conclusions,  concerning  the  former  state  of 
things,  directly  the  reverse  of  (^ose  to  which  a  fair  induction  from  facts 
would  infallibly  lead  them. 

*  FUnt*s  Geography,  vol.  i. 


;ii.  U.]  £AATHQUAK£a  HI  BASIN  or  MlS^ifiSIPPI.  j^ 

tbmuUion  of  laku  in  Zouiftana.— Another  striking  featam  in  Ih^ 
«tin  of  tlie  MiMissippi,  illustratire  of  the  changes  now  in  progi;e0a«  it 
lie  fonnaiioil  by  natural  causes  of  great  lakes,  and  the  drains^e  of  oth^. 
rhese  are  especially  frequent  in  the  basin  of  the  Red  River  in  Louiai^u{^ 
shere  the  largest  of  them,  called  Bistinean,  is  more  than  thirty  nule4 
ODgy  and  has  a  medium  depth  of  from  fifittn  to  twenty  feet.  In  the 
leepest  parts  are  seen  numerous  Cyprus  trees,  of  dl  sizes,  now  dead,  and  /^ 
nost  of  them  with  their  tops  broken  by  the  wind,  yet  standing  ere^ 
mder  water.  This  tree  resists  the  action  of  air  and  water  longer  than 
uoy  other,  and,  if  not  submerged  throughout  the  whole  year,  will  retain 
ife  for  an  extraordinary  period.*  Lake  Bistineau,  as  well  as  Black 
Jake,  Cado  Lake,  Spanish  Lake,  Nachitoches  Lake,  and  many  others, 
lave  been  formed,  according  to  Darby,  by  the  gradual  elevation  of  the 
»ed  of  Red  River,  in  which  the  alluvial  accumulations  have  been  so  great 
IS  to  raise  its  channel,  and  cause  its  waters,  during  the  flood  season,  to 
low  op  the  mouths  of  many  tributaries,  and  to  convert  parts  of  their 
curses  into  lakes.  In  the  autumn,  when  the  level  of  Red  River  is  again 
lepressed,  the  waters  rush  back  again,  and  some  lakes  become  grassy 
neadows,  with  streams  meandering  through  them.t  Thus,  there  is  a 
^eriodieal  flux  and  reflux  between  Red  River  and  some  of  these  basins, 
irhich  are  merely  reservoirs,  alternately  emptied  and  filled  like  our  tide 
istoaries-^with  this  difierence,  that  in  the  one  ease  the  land  is  submerged 
or  several  months  continuously,  and,  in  the  other,  twice  in  every  twenty- 
'oor  hours.  It  has  happened,  in  several  cases,  that  a  bar  has  been  thrown 
ly  Red  River  across  some  of  the  openings  of  these  channels,  and  then 
lie  lakes  become,  like  Bastineau,  constant  repositories  of  water.  But 
iven  in  these  cases,  their  level  is  liable  to  annual  elevation  and  depression, 
Decanse  the  flood  of  the  main  river,  when  at  its  height,  passes  over  the 
»r;  just  as,  where  sand-hills  close  the  entrance  of  an  estuary  on  the 
Norfolk  or  Sufiblk  coast,  the  sea,  during  some  high  tide  or  storm,  has 
ftften  breached  the  barrier  and  inundated  again  the  interior. 

EarthquaktB  in  basin  of  MisHsnppu — The  frequent  fluctaations  in 
river-courses,  in  various  parts  of  the  basin  of  the  Mississippi,  are  partly, 
perhaps,  to  be  ascribed  to  the  co-operation  of  subterranean  movements, 
irhich  alter  from  time  to  time  the  relative  levels  of  various  parts  of  the 
mrface.  So  late  as  the  year  1812,  the  whole  valley  from  the  mouth  of 
the  Ohio  to  that  of  the  St.  Francis,  including  a  tract  300  miles  in  length, 
ind  exceeding  in  area  the  whole  basin  of  the  Thames,  was  convulsed  to 
luch  a  degree,  as  to  create  new  islands  in  the  river,  and  lakes  in  the  allu- 

*  Captainfl  Clark  and  Lewia  found  a  forest  of  pines  standing  erect  under  water  in 
the  body  of  the  Columbia  River  in  North  America,  which  they  supposed,  from  the 
ippeanmce  of  the  trees,  to  have  been  submerged  only  about  twenty  years. — Vol.  ii. 
p.  311. 

t  Darby's  Louisiana,  p.  83. 
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Tial  plain,  wme  of  which  were  twenty  miles  in  extent.  I  shall  aUade  to 
this  event,  by  which  New  Madrid  was  in  great  part  destioyed,  whea  1 
treat  of  earthquakes ;  but  may  state  here,  that  it  happened  exactly  at  the 
same  time  as  the  fatal  convulsions  in  the  district  of  Caraccas ;  and  the 
country  shaken  was  nearly  five  degrees  of  latitude  farther  removed  froB 
the  great  centre  of  volcanic  disturbance,  than  the  basin  of  the  Red  River 
before  alluded  to.  Darby  mentions  beds  of  marine  shells  on  the  banks  of 
Red  River,  which  seem  to  indicate  that  Lower  Louisiana  is  of  recent 
formation ;  its  elevation,  perhaps,  above  the  sea,  may  have  been  due  lo 
the  same  series  of  earthquakes  which  continues  to  agitate  equatorial 
America. 

When  countries  are  liable  to  be  so  extensively  and  permanently  affected 
by  earthquakes,  speculations  concerning  changes  in  their  hydrographial 
features  must  not  be  made  without  regard  to  the  igneous  as  well  as  the 
aqueous  causes  of  change.  It  is  scarcely  necessary  to  observe,  that  the 
inequalities  produced  even  by  one  shock  might  render  the  study  of  the 
alluvial  plain  of  the  Mississippi,  at  some  future  period,  most  perplexing 
to  a  geologist  who  should  reason  on  the  distribution  of  transported  mate- 
rials, without  being  aware  that  the  configuration  of  the  country  had  varied 
naterially  during  the  time  when  the  excavating  or  removing  power  of  the 
river  was  greatest. 

FLOODS,  BimSTINO  OF  LAKES,  KTC. 

The  power  which  running  water  may  exert,  in  the  lapse  of  ages,  in 
widening  and  deepening  a  valley,  does  not  so  much  depend  on  the  Tolume 
and  velocity  of  the  stream  usually  flowing  in  it,  as  on  the  number  and 
-magnitude  of  the  obstructions  which  have,  at  diflerent  periods,  opposed 
its  free  passage.  If  a  torrent,  however  small,  be  effectualiy  dammed  up, 
the  size  of  the  valley  above  the  barrier,  and  its  declivity  below,  and  not 
the  dimensions  of  the  torrent,  will  determine  the  violence  of  the  d^bAde. 
The  most  universal  source  of  local  deluges  are  landslips,  slides,  or 
avalanches,  as  they  are  sometimes  called,  when  great  masses  of  rock  and 
soil,  or  sometimes  ice  and  snow,  are  precipitated  into  the  bed  of  a  river, 
the  boundary  cliflfs  of  which  have  been  thrown  down  by  the  shock  of  an 
earthquake,  or  undermined  by  springs  or  other  causes.  Volumes  might 
be  filled  with  the  enumeration  of  instances  on  record  of  these  terrific 
catastrophes :  I  shall  therefore  select  a  few  examples  of  recent  occurrence, 
the  facts  of  which  are  well  authenticated. 

Floods  caused  by  landslips^  1826. — Two  dry  seasons  in  the  White 
Mountains,  in  New  Hampshire,  were  followed  by  heavy  rains  on  thenih 
Augtist,  1826,  when  from  the  steep  and  lofty  declivities  which  rise  ab- 
ruptly on  both  sides  of  the  river  Saco,  innumerable  rocks  and  stones,  many 
of  sufficient  size  to  fill  a  common  apartment,  were  detached,  and  in  their 
deecent  swept  down  before  them,  in  one  promiscuous  and  frightful  ruin, 
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forestflf  thrabf,  and  the  earth  which  sustaiued  them.  No  tradition  existed  of 
any  similar  slides  at  former  times,  and  the  growth  of  the  forest  on  the 
flanks  of  the  hills  clearly  showed  that  for  a  long  interval  notliing  similar 
had  occurred.  One  of  these  moving  masses  was  afterwards  found  to  have 
slid  three  miles,  with  an  average  breadth  of  a  quarter  of  a  mile.  'J*he 
natural  excavations  commenced  generally  in  a  trench  a  few  yards  in  depth 
and  a  few  rods  in  width,  and  descended  the  mountains,  widening  and 
deepening  till  they  became  vast  chasms.  At  the  base  of  these  hollow  ra- 
vines was  seen  a  wide  and  deep  mass  of  ruins,  consisting  of  transported 
earth,  gravel,  rocks,  and  trees.  Forests  of  spruce-fir  and  hemlock  were 
prostrated  with  as  mnch  ease  as  if  they  had  been  fields  of  grain ;  for, 
where  they  disputed  the  ground,  the  torrent  of  mud  and  rock  accumulated 
behind  till  it  gathered  sufficient  force  to  burat  the  temporary  barrier. 

The  valleys  of  the  Amonoosuck  and  Saco  presented,  for  many  miles, 
an  uninterrupted  scene  of  desolation;  all  the  bridges  being  carried 
away,  as  well  as  those  over  their  tributary  streams.  In  some  places  the 
road  was  excavated  to  the  depth  of  from  fifteen  to  twenty  feet ;  in  othen 
it  was  covered  with  earth,  rocks,  and  trees,  to  as  great  a  height.  The 
water  flowed  for  many  weeks  after  the  flood  as  densely  charged  with  / 
earth  as  it  could  be  without  being  changed  into  mud,  and  marks  were  V 
seen  in  various  localities  of  its  having  risen  on  either  side  of  the  valley  to 
more  than  twenty-five  feet  above  its  ordinary  level.  Many  sheep  and 
cattle  were  swept  away,  and  tlie  -VVilley  family,  nine  in  number,  who  in 
alann  bad  deserted  their  house,  were  destroyed  on  the  banks  of  die  Saco ; 
seven  of  their  mangled  bodies  were  afterwards  found  near  the  river,  buried 
beneath  drift  wood  and  mountain  ruins.^  The  geologist  should  remark 
that  the  lower  alluvial  plains  are  most  exposed  to  such  violent  floods,  and 
al  the  same  time  are  best  fitted  for  the  sustenance  of  herbivorotis  animals* 
If,  therefore,  any  organic  remains  are  found  amidst  the  superficial  heaps 
of  transported  matter,  resulting  from  those  catastrophesj  at  whatever  pe- 
riods they  may  have  happened,  and  whatever  may  have  been  Uie  former 
configuration  and  relative  levels  of  the  country,  we  may  expect  tlie  im- 
bedded fossil  relics  to  be  principally  referable  to  this  class  of  mammalia* 

But  these  catastrophes  are  insignificant,  when  compared  to  those  which 
are  occasioned  by  earthquakes,  when  the  boundary  hills,  for  miles  in 
length,  are  thrown  down. into  the  hollow  of  a  valley.  I  shall  have  oppor- 
tunities of  alluding  to  inundations  of  this  kiud,  when  treating  expressly 
of  earthquakes,  and  shall  content  myself  at  present  with  selecting  an  ex- 
ample, of  modern  date,  of  a  flood  caused  by  the  bunting  of  a  temporary 
lake;  the  facts  having  been  described,  with  more  than  usual  accuracy,  by 
scientific  observera. 

Flood  in  the  Valley  of  Bagne$,  1818.— The  valley  of  Bagnes  is  one  of 

•  Saiimsn*!  Journal,  vol.  xv.  No.  8,  p.  816.    Jan.  1889. 
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Hhe  Itf^M  of  ih«  hteral  embranohments  of  the  main  ^ley  of  the  Rhone, 
itboye  tho  Latce  of  Greneva.  Its  upper  portion  was,  in  1918,  eonverted 
into  ti  lake  by  the  damming  np  of  a  narrow  paae,  by  a?a1anches  of  mow 
and  iee,  preetpitaled  from  an  elevated  glacier  into  the  bed  of  the  iiTer 
Dranse.  In  the  winter  season,  during  continued  frost,  scarcely  any  water 
flows  in  the  bed  of  this  river  to  preserve  an  open  channel,  so  that  the  ice 
harrier  remained  entire  until  the  melting  of  the  snows  in  spring,  whea  a 
lake  was  formed  above,  about  half  a  league  in  length,  which  finally  attain- 
ed in  some  parts  a  depth  of  iiboul  2(M)  feet,  and  a  width  of  about  700  feet 
To  prevent  or  lessen  the  mischief  apprehended  from  tlie  sudden  borstiDg 
of  the  barrier,  an  artificial  gallery,  seven  hundred  feet  in  length,  was  eat 
throagh  the  ice,  before  the  waters  had  risen  to  a  great  height.  When  tt 
length  they  accumulated  and  flowed  through  this  tunnel,  they  dissolved 
-the  ice,  and  thus  deepened  their  channel,  until  nearly  half  of  the  whole 
ieontents  of  the  lake  were  slowly  drained  ofi*.  But,  at  length,  on  the  ap- 
proach of  the  hot  season,  the  central  portion  of  the  remaining  mass  of  ice 
gave  way  with  a  tremendous  crash,  and  the  residue  of  the  lake  was  emp- 
tied in  half  an  hour.  In  the  course  of  its  dedcent,  the  waters  encountered 
several  narrow  gorges,  and  at  each  of  these  they  rose  to  a  great  height, 
and  then  burst  with  new  violence  into  tlie  next  basin,  sweeping  aloog 
tocks,  forests,  houses,  bridges,  and  cultivated  land.  For  the  greater  part 
iof  its  course  the  flood  resembled  a  moving  mass  of  rock  and  mud,  nther 
than  of  water.  Some  fragments  of  granitic  rocks,  of  enormous  magnitode, 
'and  which,  from  their  dimensions,  might  be  compared  withoutexaggeratioB 
to  houses,  were  torn  out  of  a  more  ancient  alluvion,  and  borne  down  for 
a  quarter  of  a  mile.  One  of  the  fragments  moved  was  sixty  paoee  in  ci^ 
cumference.*  The  velocity  of  the  water,  in  the  first  part  of  its  course, 
was  thirty-three  feet  per  second,  which  diminished  to  six  feet  before  it 
reached  the  Lake  of  G^eneva,  where  it  arrived  in  six  hours  and  n  half,  the 
distance  being  forty-five  miles.t 

This  flood  left  behind  it,  on  the  plains  of  Martigny,  thousands  of  trees 
lorn  up  by  the  roots,  together  with  the  ruins  of  buildings.  Some  of  the 
houses  in  that  town  were-fiUed  with  mud  up  to  the  second  story.  After 
expanding  in  the  plain  of  Martigny,  it  entered  the  Rhone  and  did  no  fur- 
ther damage ;  but  some  bodies  of  men,  who  had  been  drowned  above 
Martigny,  were  afterwards  found,  at  the  distance  of  about  thirty  miles, 
floating  on  the  farther  side  of  the  Lake  of  Geneva,  near  Vevey. 

The  waters  on  escaping  from  the  temporary  lake,  intermixed  with  mod 
and  rock,  swept  along,  for  the  first  four  miles,  at  the  rate  of  above  twenty 
miles  an  hour ;  and  M.  Escher,  the  engineer,  calculated  that  the  flood 

*  This  block  was  measnred  by  Capt.  B.  Hall,  R.  N. 

t  -See  an  account  of  the  inundation  of  the  Val  de  Bagnes,  in  1818,  in  Ed.  Phil. 
Journ.,  vol.  i.  p.  187,  drawn  up  from  the  Memoir  of  M.  Escher,  with  a  section,  &c 


Oi.  II.3  FLOOD  or  TB£  ANIO  AT  THTOU.  189 

fbraished  M0,00d  eobie  feet  of  wster  etery  seoomd-^an  efflux  which  it 
five  times  greater  than  that  of  the  Rhine  below  BrsIo.  Now.»  if  part  of 
the  lake  hid  not  iieen  graidually  drained  off,  the  flood  would  hare  beeti 
nearly  double,  approachifig  in  Toluine  to  some  of  the  largest  Timers  in 
Europe.  It  Is  evident,  therefore,'  that  when  we  are  speculating  on  the  e]^• 
cavating  force  which  a  river  may  have  exerted  in  any  particular  valley, 
the  most  important  question  is,  not  the  volume  of  the  existmg  stream,  nor 
the  present  levels  of  its  channel,  nor  even  the  nature  of  the  tocks,  but  the 
probability  of  a  succession  of  floods,  at  some  period  since  the  time  when 
the  valley  may  have  been  first  elevated  above  the  sea. 

For  several  months  after  the  d^b&ele  of  1818,  the  Dranse,  having  no 
settled  channd,  shifted  its  position- continually  from  one  side  to  the  other 
of  the  valley,  carrying  away  newly  erected  bridges^  undermining  houses, 
and  continuing  to  be  charged  with  as  large  a  quantity  of  earthy  matter  as 
the  fluid  could  hold  in  suspension.  I  visited  this  valley  four  months  after 
the  flood,  and  was  witness  to  the  sweeping  away  of  a  bridge,  and  the  un- 
dermining of  part  of  a  house.  The  greater  part  of  the  ice-barrier  was 
then  standing,  presenting  vertical  cliffs  160  feet  high,  like  ravines  in  the 
lavs-torrents  of  Etna  or  Auvergne,  where  they  are  intersected  by  rivers. 
Inundations,  precisely  similar,  are  recorded  to  have  occurred  at  former 
periods  in  this  district,  and  from  the  same  cause.  In  1606,  for  example, 
a  lake  burst,  and  the  waters,  descending  with  irresistible  fury,  destroyed 
the  town  of  Martigny,  where  from  sixty  to  eighty  persons  perished.  In 
m  similar  flood,  fifty  years  before,  140  persons  were  drowned. 

ftood  at  7%voKi  1826.— «I  shall  conclude  with  one  more  example,  da 
rived  from  a  land  of  classic  recollections,  the  ancient  Tibur,  and  which, 
like  all  the  other  inundations  above  alluded  to,  occurred  within  the  present 
einlnry.  The  younger  Pliny,  it  will  be  remembered,  describes  a  flood 
on  the  Anio,  which  destroyed  woods,  rocks,  and  houses,  with  the  most 
sumptuous  villas  and  works  of  art*  For  four  or  five  centuries  consecu- 
tively, this  **  headlong  stream,"  as  Horace  truly  called  it,  has  often  re* 
mained  within  its  bounds,  and  then,  ader  so  long  an  interval  of  rest,  has 
at  different  periods  inundated  its  banks  again,  and  widened  its  channel. 
The  last  of  these  catastrophes  happened  16th  Nov.  1826,  after  heavy 
rains,  such  as  produced  the  floods  before  alluded  to  in  Scotland.  The 
waters  appear  also  to  have  been  impeded  by  an  artifical  dike,  by  which 
they  were  separated  into  two  parts,  a  short  distance  above  Tivoli.  They 
broke  through  this  dike ;  and,  leaving  the  left  trench  dry,  precipitated 
themselves,  with  their  whole  weight,  on  the  right  side.  Here  they  un- 
dermined, in  the  course  of  a  few  hours,  a  high  cliff,  and  widened  the 
river*s  channel  about  fifteen  paces.  On  this  height  stood  the  chureh  of 
St.  Lucia,  and  about  thirty-six  houses  of  the  town  of  Tivoli,  which  were 

•  Lib.  vui.  EpiBt  17. 
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all  carried  away,  presenting,  as  they  sank  into  the  roaring  flood,  a  terriftc 
•cene  of  destruction  to  the  spectators  on  the  opposite  bank*  As  the 
foundations  were  gradually  removed,  each  building,  some  of  them -edifices 
of  considerable  height,  was  first  traversed  with  nomerous  rents,  which 
soon  widened  into  large  fissures,  until  at  length  the  roofs  fell  in  with  a 
crash,  and  then  the  walls  sank  into  the  river,  and  were  hurled  down  the 
cataract  below.* 

The  destroying  agency  of  the  flood  came  within  two  hundred  yiids  of 
the  precipice  on  which  the  beautiful  temple  of  Vesta  stands ;  bat  Ibita- 
nately  this  precious  relic  of  antiquity  was  spared,  while  the  wroek  of 
modern  structures  was  hurled  down  the  abyss.  Vesta,  it  will  be  remem- 
bered, in  the  heathen  mythology,  personified  the  stability  of  the  earth; 
and  when  the  Samian  astronomer,  Aristarchus,  first  taught  that  the  earth 
revolved  on  its  axis,  and  round  the  run,  he  was  publicly  accuaed  of  im- 
piety, «*  for  moving  the  everlasting  Vesta  from  her  place."  Plajfair  ob- 
served, that  when  Hutton  ascribed  instability  to  the  earth's  snrfaee,  aid 
represented  the  continents  which  we  inhabit  as  the  theatre  of  inceasant 
change  and  movement,  his  antagonists,  who  regarded  them  as  unalterable, 
assailed  him  in  a  similar  manner,  with  accusations  founded  on  rdigioiii 
prejudices.!  We  might  aj^peal  to  the  excavating  power  of  the  Anio  ss 
corroborative  of  one  of  the  most  controverted  parts  of  the  Hattonian 
theory ;  and  if  the  days  of  omens  had  not  gone  by,  the  geologists  who 
now  worsliip  Vesta  might  regard  the  late  catastrophe  as  portentous.  We 
may,  at  least,  recommend  the  modem  votaries  of  the  goddess  to  lose  no 
time  in  making  a  pilgrimage  to  her  shrine,  for  tlie  next  flood  may  not 
pect  the  temple. 


*  When  at  Tivoli,  in  1829, 1  received  thii  aecount  from  eye-witnewes  of  tht 
event. 

t  Ulastr.  of  Hutt.  Theory,  §  3,  p.  147. 
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PHENOMXNA  OF  SPRINGS. 

Origin  of  8priii|[»— Bored  welli — ^DiftiDct  catues  by  which  nunenl  and  thermal 
waters  may  be  raiaed  to  the  sarfaee-— Their  connexion  with  volcanic  agency  (p. 
196.) — Cdcareoni  Springs— Travertin  of  the  Elnr^Batha  of  San  V ignone  and  of 
Ban  Filippoy  near  Radicofiuii — Spheroidal  structiire  in  travertin,  as  in  English 
magnesian  limestone  (p.  201.) — Bulicami  of  Viterbo-^Lake  of  the  Solfatara,  near 
Rome— -Travertin  at  Cascade  of  Tivoli  (p.  204.)— Gypseous,  Siliceons,  and  Ferm- 
ginoos  Springs — Brine  Springs  (p.  209.) — Carbonated  Springs — Disintegration  of 
granite  in  Aavergne — Petroleom  Springs — Pitch  Liske  of  Trinidad. 

Origin  if  <S^n^s.— Ths  action  of  running  water  on  tfie  land  having 
keen  eonsidered,  we  may  next  turn  our  attention  to  what  may  be  termed 
**  the  subterranean  drainage,"  or  the  phenomena  of  springs.  Every  one 
is  familiar  with  the  fact,  that  certain  porous  soils,  such  as  loose  sand  and 
grmvel,  absorb  water  with  rapidity ;  and  thai  the  ground  composed  of 
Ihem  soon  dries  up  after  heavy  showers.  If  a  well  be  sunk  in  such  soils, 
we  often  penetrate  to  considerable  depths  before  we  meet  with  water ; 
bni  this  is  usually  found  on  our  approaching  the  lower  parts  of  the  forma- 
tion, where  it  reets  on  some  impervious  bed ;  for  here  the  water,  unable 
to  make  its  way  downwards  in  a  direct  line,  accumulates  as  in  a  reservoir, 
and  is  ready  to  ooze  out  into  any  opening  which  may  be  made,  in  the 
same  manner  as  we  see  the  salt  water  flow  into,  and  fill,  any  hollow 
which  we  dig  in  the  sands  of  the  shore  at  low  tide. 

The  facility  with  which  water  can  percolate  loose  and  gravelly  soils  is 
clearly  illustrated  by  the  efl*ect  of  the  tides  in  the  Thames  between  Rich- 
mond and  London.  The  river,  in  this  part  of  its  course,  flows  through  a 
bed  of  gravel  overlying  clay,  and  the  porous  superstratum  is  alternately 
saturated  by  the  water  of  the  Thames  as  the  tide  rises,  and  then  drained 
again  to  the  distance  of  several  hundred  feet  from  the  banks  when  the  tide 
(alls,  so  that  the  wells  in  this  tract  regularly  ebb  and  flow. 

If  the  transmission  of  water  through  a  porous  medium  be  so  rapid,  we 
cannot  be  surprised  that  springs  should  be  thrown  out  on  the  side  of  a 
hill,  where  the  upper  set  of  strata  consist  of  chalk,  sand,  or  other  permea- 
ble  substances,  while  the  subjacent  are  composed  of  clay  or  other  reten« 
live  soils.  The  only  difficulty,  indeed,  is,  to  explain,  why  the  water  does 
not  ooze  out  every  where  along  the  line  of  junction  of  the  two  formations, 
so  as  to  form  one  continuous  land-soak,  instead  of  a  few  springs  only,  and 
these  far  distant  from  each  other.  The  principal  cause  of  this  concentra- 
tion of  the  waters  at  a  few  points  is,  first,  the  frequency  of  rents  and 
fissures,  which  act  as  natural  drains ;  secondly  the  existence  of  inequali- 
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ties  in  the  upper  surface  of  the  impermeable  jtratum,  which  lead  the 
water,  as  valleys  do  on  the  external  surface  of  a  country,  into  certain  low 
levels  and  channels. 

That  the  generality  of  springs  owe  their  supply  to  the  atmospheie  is 
evident  from  this,  that  they  become  languid,  or  entirely  cease  to  flow, 
after  long  droughts,  and  are  again  replenished  after  a  continuance  of  rain. 
Many  of  them  are  probably  indebted  for  the  constancy  and  uniformity  of 
their  volume  to  the  great  extent  of  the  subterranean  reservoirs  with  which 
they  communicate,  and  the  time  required  for  these  to  empty  themedvei 
by  percolation.  Such  a  gradual  and  regulated  discharge  is  ezhiUtd, 
though  in  a  less  perfect  degree,  in  every  great  lake  which  is  not  eensibiy 
affected  in  its  level  by  sudden  showers,  but  only  slighdy  raised ;  so  that 
its  channel  of  efflux,  instead  of  being  swollen  suddenly  like  the  bf4  of  * 
torrent,  is  enabled  to  carry  off  the  surplus  water  gradually. 

Much  light  has  been  thrown,  of  late  years,  on  the  theory  of  spriBget  bj 
the  boring  of  what  are  called  by  the  French  **  Artesian  wells,"  hecanse 
the  method  has  long  been  known  and  practised  in  Artois ;  and  it  is  now 
demonstrated  that  there  are  sheets,  and,  in  some  places,  currents  of  Imh 
water,  at  various  depths  in  the  earth.  The  instrument  employed  ia  ex- 
cavating these  wells  is  a  large  auger,  and  the  cavity  bored  is  usually  firon 
three  to  four  inches  in  diameter.  If  a  hard  rook  is  met  with,  it  is  first 
triturated  by  an  iron  rod,  and  the  materials,  being  thus  reduced  lo  small 
fragments  or  powder,  are  readily  extracted.  To  hinder  the  sidee  of  tks 
well  from  falling  in,  as  also  to  prevent  the  spreading  of  the  ascending 
water  in  the  surrounding  soil,  a  jointed  pipe  is  introduced,  formed  of 
wood  in  Artois,  but  in  other  countries  more  commonly  of  metal.  It  fre- 
quently happens  that,  after  passing  through  hundreds  of  feet  of  retentive 
soils,  a  water-bearing  stratum  is  at  length  pierced,  when  the  fluid  imme- 
diately ascends  to  the  surface  and  flows  over.  The  first  rush  of  the 
water  up  the  tube  is  often  violent,  so  that  for  a  lime  the  water  plays  like 
a  fountain,  and  then,  sinking,  continues  to  flow  over  tranquilly,  or  some- 
times remains  stationary  at  a  certain  depth  below  the  orifice  of  the  well. 
This  spouting  of  the  water  in  the  first  instance  is  probably  owing  to  the 
disengagement  of  air  and  carbonic  acid  gas,  for  both  of  these  have  beea 
seen  to  bubble  up  with  the  water.* 

At  Sheerness,  at  the  mouth  of  the  Thames,  a  well  was  bored  on  a  low 
tongue  of  land  near  the  sea,  through  300  feet  of  the  blue  clay  of  London, 
below  which  a  bed  of  sand  and  pebbles  was  entered,  belonging,  doubt- 
less, to  the  plastic  clay  formation ;  when  this  stratum  was  pierced,  the 
water  burst  up  with  impetuosity,  and  filled  the  well.  By  another  perfo- 
ration at  the  same  place,  the  water  was  found  at  the  depth  of  328  feet 
below  the  surface  clay ;  it  first  rose  rapidly  to  the  height  of  189  feet,  and 

*  Consult  H^rioart  de  Thury's  work  on  **  Poito  For^." 
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iheiu  in  the  eourse  of  a  few  hours,  ascended  to  an  elevation  of  eight  feet 
above  the  level  of  the  ground.  In  1824,  a  well  was  dug  at  Fulham,  near 
the  Thames,  at  the  Bishop  of  London's,  to  the  depth  of  317  feet,  which, 
after  traversing  the  tertiary  strata,  was  continued  through  67  feet  of  chalk. 
The  water  immediately  rose  to  the  surface,  and  the  discharge  was  above 
fifty  gallons  per  minute.  In  the  garden  of  the  Horticultural  Society  at 
Chiswick,  the  borings  passed  through  nineteen  feet  of  gravel,  242  feet  of 
day  and  loam,  and  sixty-seven  feet  of  chalk,  and  the  water  tlien  rose  to 
thefsrface  from  a  depth  of  329  feet.*  At  the  Duke  of  Northumberland's, 
abofa  Chiswick,  the  borings  were  carried  to  the  extraordinary  depth  of 
620  feet«  so  as  to  enter  the  chalk,  when  a  considerable  volume  of  water 
was  obtained,  whieh  rose  four  feet  above  the  surface  of  the  ground.  In 
a  well  of  Mr.  Brooks,  at  Hammersmith,  the  rush  of  water  from  a  depth 
of  360  feet  was  so  great,  as  to  inundate  several  buildings  and  do  consid- 
erable damage ;  and  at  Tooting,  a  sufficient  stream  was  obtained  to  turn 
a  wheel,  and  raise  the  water  to  the  upper  stories  of  the  houses.t  In  the 
last  of  three  wells  bored  through  the  chalk,  at  Tours,  to  the  depth  of 
several  hundred  feet,  the  water  rose  thirty-two  feet  above  the  leyel  of  the 
soil,  and  the  discharge  amounted  to  300  cubic  yards  of  water  every 
twenty-four  hours.} 

Excavations  have  been  made  in  the  same  way  to  the  depth  of  800, 
and  even  1200  feet  in  France  (the  latter  at  Toulouse),  and  without  suc- 
eee8.$  A  similar  failure  was  experienced  in  1830,  in  boring  at  Calcutta, 
to  the  depth  of  more  than  150  feet,  through  the  alluvial  clay  and  sands  of 
Bengal.  Mr.  Briggs,  the  British  consul  in  Egypt,  obtained  water 
between  Cairo  and  Suez,  in  a  calcareous  sand,  at  the  depth  of  thirty  feet; 
but  it  did  not  rise  in  the  well.il  The  geological  structure  of  the  Sahara 
is  supposed,  by  M.  Rozet,  to  favour  the  prospect  of  a  supply  of  water 
from  Artesian  wells,  as  the  parched  sands  on  the  outskirts  of  the  desert 
vest  on  a  substratum  of  argillaceous  marl.f 

The  rise  and  overflow  of  the  water  in  these  wells  is  generally  referred, 
and  apparently  with  reason,  to  the  same  principle  as  the  play  of  an  arti- 
ficial fountain.  I^et  the  porous  stratum,  or  set  of  strata  a  a,  rest  on  the 
impermeable  rock  (/,  and  be  covered  by  another  mass  of  an  impermeable 
nature.  The  whole  mass  a  a  may  easily,  in  such  a  positioUf  liecome 
saturated  with  water,  which  may  descend  from  its  higher  and  exposed 
hilly  region  to  which  clouds  are  attracted,  and  where   rain 


*  Sabine,  Joum.of  Sci.,  No.  33,  p.  79,  1884. 

t  H^rieart  de  Thury,  p.  49. 

t  Ball,  de  la  Soo.  G^ol.  de  France,  torn.  iii.  p.  194. 

§  Ibid.  torn.  ii.  p.  272. 

II  Bon^,  lUaum^  des  Prog,  de  la  G^oL  en  1832,  p.  181 

IT  Boll,  de  la  Soc.  QkoL  de  France,  torn.  ii.  p.  361 
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falls  in  abundance.  Suppose  that  at  some  point,  as  at  69  an  opening  be 
made  which  gives  a  free  passage  upwards  to  the  waters  confined  in  a  0 
at  so  low  a  level  that  they  are  subjected  to  the  pressure  of  a  eonsidflnble 
column  of  water  collected  in  the  more  elevated  portion  of  the  sanwitra- 
tum.  The  water  will  then  rush  out,  just  as  the  liquid  from  a  large  bami 
which  is  tapped,  and  it  will  rise  to  a  height  corresponding  to  the  le^el  of 
its  point  of  departure,  or,  rather,  to  a  height  which  balances  the  prewors 
previously  exerted  by  the  confined  waters  against  the  roof  and  sides  of 
the  stratum  or  reservoir  a  a.  In  like  manner,  if  there  happen  to  be  a 
natural  fissure  c,  a  spring  will  be  produced  at  the  surface  on  precisely  the 
same  principle. 

Among  the  causes  of  the  failure  of  artesian  wells,  we  may  mention 
those  numerous  rents  and  faults  which  abound  in  some  rocks,  and  the 
deep  ravines  and  valleys  by  which  many  countries  are  traversed  |  ibr, 
when  these  natural  lines  of  drainage  exist,  there  remains  a  small  qnanti^ 
only  of  water  to  escape  by  artificial  issues.  We  are  also  liable  to  be  b^ 
fled  by  the  great  thickness  either  of  porous  or  impervious  strata,  or  by 
the  dip  of  the  beds,  which  may  carry  off  the  waters  from  adjoining  high 
lands,  to  some  trough  in  an  opposite  direction ;  as  when  the  borings  are 
made  at  the  foot  of  an  escarpment  where  the  strata  incline  Inwards,  or  in 
a  direction  opposite  to  the  face  of  the  cliffs. 

The  mere  distance  of  hills  or  mountains  need  not  discourage  ns  from 
making  thals ;  for  the  waters  which  fall  on  these  higher  lands  readily 
penetrate  to  great  depths  through  highly  inclined  or  vertical  strata,  or 
through  the  fissures  of  shattered  rocks,  and  after  flowing  for  a  great  dis- 
tance, must  oflen  re-ascend  and  be  brought  up  again  by  olher  fissures,  so 
as  to  approach  the  surface  in  the  lower  country.  Here  they  may  be  con- 
cealed beneath  a  covering  of  undisturbed  horizontal  beds,  which  it  may 
be  necessary  to  pierce  in  order  to  reach  them.  It  should  be  remembered, 
that  the  course  of  waters  flowing  under  ground  bears  but  a  remote 
resemblance  to  that  of  rivers  on  the  surface,  there  being,  in  the  one  case^ 
a  constant  descent  from  a  higher  to  a  lower  level  from  the  source  of  the 
stream  to  the  sea ;  whereas,  in  the  other,  the  water  may  at  one  time  sink 
far  below  the  level  of  the  ocean,  and  afterwards  rise  again  high  above  it. 

Among  other  curious  facts  ascertained  by  aid  of  the  borer,  it  is  proved 
that  in  strata  of  dififerent  ages  and  compositions  there  are  often  open  pass- 
ages by  which  the  subterranean  waters  circulate.  Thus,  at  St.  Ouen,  in 
France,  five  distinct  sheets  of  water  were  intersected  in  a  well,  and  from 
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each  of  these  a  supply  obtained.  la  the  third  water-bearing  stratum*  at 
the  depth  of  150  feet,  a  cavity  was  found  in  which  the  borer  fell  suddenly 
about  a  foot,  and  thence  the  water  ascended  in  great  volume.*  The 
same  foiling  of  the  instrument,  as  in  a  hollow  space,  has  been  remarked 
in  England  and  other  countries.  At  Tours,  in  1830,  a  well  was  perfo- 
rated quite  through  the  chalk,  when  the  water  suddenly  brought  up,  from 
a  depth  of  874  feet,  a  great  quantity  of  fine  sand,  with  much  vegetable 
matter  and  shells.  Branches  of  a  thorn  several  inches  long,  much  black- 
ened by  their  stay  in  the  water,  were  recognised,  as  also  the  stems  of 
marsk  plants,  and  some  of  their  roots,  which  were  still  white,  together 
with  the  seeds  of  the  same,  in  a  state  of  preservation*  which  showed  that 
they  had  not  remained  more  than  three  or  four  months  in  the  water. 
Among  the  seeds  were  those  of  the  marsh-plant  Oalium  tdiginosum ;  and 
among  the  shells,  a  freshwater  species  (Flanorbis  marjinatua)^  and  some 
land  species,  as  Hdix  roiundata  and  H.  atruUa.  M.  Dujardin,  who, 
with  others,  observed  this  phenomenon,  supposes  that  the  waters  had 
flowed  from  some  valleys  of  Auvergne  or  the  Vivarais  since  the  precediof 
autumn.t 

An  analogous  phenomenon  is  recorded  at  Riemke,  near  Bochum  in 
Wes^halia,  where  the  water  of  an  artesian  well  brought  up,  from  a  depth 
of  150  feet,  several  small  fish,  three  or  four  inches  long,  the  nearest 
streams  in  the  country  being  at  Uie  distance  of  some  leagues.^ 

In  both  cases  it  is  evident  that  water  had  penetrated  to  great  depths, 
not  simply  by  filtering  through  a  porous  mass,  for  then  it  would  have  left 
behind  the  shells,  fish,  and  fragments  of  plants,  but  by  flowing  through 
some  open  diannels  in  the  earth.  Such  examples  may  suggest  the  idea 
that  the  leaky  beds  of  rivers  are  often  the  feeders  of  springs. 

MIHEllAL  Ain>  THERMAL  SPRINOS. 

Almost  all  springs,  even  those  which  we  consider  the  purest,  are  im- 
pregnated with  some  foreign  ingredients,  which,  being  in  a  state  of  chemi- 
cal solution,  are  so  intimately  blended  with  the  water,  as  not  to  afiect  its 
clearness,  while  they  render  it,  in  general,  more  agreeable  to  our  taste, 
and  more  nutritious  than  simple  rain-water.  But  the  springs  called 
mineral  contain  an  unusual  abundance  of  earthy  matter  in  solution,  and 
the  substances  with  which  they  are  impregnated  correspond  remarkably 
with  those  evolved  in  a  gaseous  form  by  volcanos.  Many  of  these  springs 
are  thermal,  and  they  rise  up  through  all  kinds  of  rock ;  as,  for  example, 
through  granite,  gneiss,  limestone,  or  lava,  but  are  most  frequent  in  vol- 
canic regions,  or  where  violent  earthquakes  have  occurred  at  eras  com- 
paratively modern. 

•  H.  de  Thurj,  p.  295. 

t  Bon.  de  la  Soc.  G^ol.  de  France,  torn.  i.  p.  96.  X  Ibid.  p.  S48. 
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The  water  giren  out  by  hot  springs  is  generaHy  Bsoie  whiiBiiMm  and 
less  variable  in  quantity  at  different  seasons  than  that  proceedinf  fimm 
any  others.  In  many  volcanic  regions,  jets  of  steam,  called  by  the  Italians 
^^stufas,"  issue  from  fissures,  at  a  temperature  high  above  the  boiling 
point,  as  in  the  neighbourhood  of  Naples,  and  in  the  Lipari  Isles,  and  ait 
disengaged  unceasingly  for  ages.  Now,  if  such  columns  of  steanif  whidi 
are  often  mixed  with  other  gases,  should  be  eondensed  before  Teaching 
the  surface,  by  coming  in  contact  with  strata  filled  with  cold  water,  they 
may  give  rise  to  thermal  and  mineral  springs  of  every  degree  of  tempen- 
ture.  It  is,  indeed,  by  this  means  only,  and  not  by  hydrostatic  pnwne, 
that  we  can  account  for  the  rise  of  such  bodies  of  water  from  greal  depths; 
nor  can  we  hesitate  to  admit  the  adequacy  of  the  cause,  if  we  suppose  the 
expansion  of  the  same  elastic  fluids  to  be  sufficient  to  raise  coluus  of 
lava  to  the  lofty  summits  of  volcanic  mountains.  Several  gasea,  the 
carbonic  acid  in  particular,  are  disengaged  in  a  free  state  from  tlie  soil  in 
many  districts,  especially  in  the  regions  of  active  or  extinct  volcanos;  and 
the  same  are  found  more  or  less  intimately  combined  with  tlie  waters  of 
all  mineral  springs,  both  cold  and  thermal.  Dr.  Daubeny  and  other 
writers  have  remariLcd,  not  only  that  these  springs  are  moat  abundant  in 
volcanic  regions,  but  that  when  remote  from  tliem,  thdr  site  usually 
coincides  with  the  position  of  some  great  derangement  in  the  stiala;  a 
fault,  for  example,  or  great  fissure,  indicating  that  a  channel  of  commsDi* 
cation  has  been  opened  with  the  interior  of  the  earth  at  some  former 
period  of  local  convulsion. 

1'he  small  area  of  volcanic  regions  may  appear,  at  first  view,  an  ob^ee- 
tion  to  this  theory,  but  not  so  when  we  include  earthquakes  among  the 
eflfects  of  igneous  agency.  A  large  proportion  of  the  land  hitherto  ex- 
plored by  geologists  can  be  shown  to  have  been  rent  or  shaken  by  sub-' 
terranean  movements  since  the  oldest  tertiary  strata  were  formed*  It  will 
also  be  seen,  in  the  sequel,  that  new  springs  have  burst  out,  and  others 
have  bad  the  volume  of  their  waters  augmented,  and  their  tempenlDfe 
suddenly  raised  after  earthquakes ;  so  that  the  description  of  these  springs 
might  almost  with  equal  propriety  have  been  given  under  the  head  ef 
**  igneous  causes,"  as  they  are  agents  of  a  mixed  nature,  being  at  once 
igneous  and  aqueous. 

But  how,  it  will  be  asked,  can  the  regions  of  volcanic  heat  send  forth 
such  inexhaustible  supplies  of  waterf  The  difficulty  of  solvinf  this 
problem  would,  in  truth,  be  insurmountable,  if  we  bcKeve  that  all  tbs 
atmospheric  waters  found  their  way  into  the  basin  of  the  ocean;  but  in 
boring  near  the  shore,  we  often  meet  with  streams  of  fresh  water  at  the 
depth  of  several  himdred  feet  below  the  sss  level ;  and  these  probably 
descend,  in  many  cases,  far  beneath  the  bottom  of  the  sea,  when  not  arti- 
ficially intercepted  in  their  course.  Yet,  how  much  greater  may  be  the 
quantity  of  salt  water  which  sinks  beneath  the  floor  of  the  ocean,,  through 
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the  pQrooa  strata  of  which  it  is  often  composed,  or  through  fissures  rent 
in  it  by  earthquakes !  After  penetrating  to  a  considerable  depth,  this 
water  may  encounter  a  heat  of  sufficient  intensity  to  convert  it  into  vapour, 
even  under  the  high  pressure  to  which  it  would  then  be  subjected.  This 
heat  would  probably  be  nearest  the  surface  in  volcanic  countries,  and 
farthest  from  it  in  those  districts  which  have  been  longest  free  from  erup- 
tions or  earthquakes ;  but  to  pursue  this  inquiry  farther  would  lead  us  to 
anticipate  many  topics  belongiug  to  another  division  of  our  subject. 

It  would  follow  from  the  views  above  explained,  that  there  must  be  a 
two-ibid  circulation  of  terrestrial  waters;  one  caused  by  solar  heat,  and 
the  other  by  heat  generated  in  the  interior  of  our  planet.  We  know  that 
the  land  wonld  be  unfit  for  vegetation,  if  deprived  of  the  waters  raised 
into  the  atmosphere  by  the  sun ;  but  it  is  also  true  that  mineral  springs 
are  powerful  instruments  in  rendering  the  surface  subservient  to  the  sup- 
port of  animal  and  vegetable  life.  Their  heat  is  said  to  promote  the  de- 
velopment of  the  aquatic  tribes  in  many  parts  of  the  ocean,  and  the  sub- 
stances which  they  carry  up  from  the  bowels  of  the  earth  to  the  habitable 
surface,  are  of  a  nature  and  in  a  form  which  adapts  them  peculiarly  for 
the  nutrition  of  animals  and  plants. 

As  these  springs  derive  their  chief  importance  to  the  geologist  from 
the  quantity  and  quality  of  the  earthy  materials  which,  like  volcanos, 
they  convey  from  below  upwards,  they  may  properly  be  considered  in 
reference  to  the  ingredients  which  they  hold  in  solution.  These  consist 
of  a  great  variety  of  substances ;  but  the  most  predominant  are,  carbonate 
of  lime,  carbonic  and  sulphuric  acids,  iron,  silica,  magnesia,  alumine,  and 
salt,  besides  petroleum,  or  liquid  bitumen,  and  its  various  modifications, 
such  as  mineral  pitch,  naptha,  and  asphaltum. 

CalcareauB  springs. — Our  first  attention  is  naturally  directed  to  springs 
which  are  highly  charged  with  calcareous  matter ;  for  these  produce  a 
variety  of  phenomena  of  much  interest  in  geology.  It  is  known  that 
fBiD-water  has  the  property  of  dissolving  the  calcareous  rocks  over  which 
it  flows,  and  thus,  in  the  smallest  ponds  and  rivulets,  matter  is  often  sup- 
plied for  the  earthy  secretions  of  testacea,  and  for  the  growtli  of  certain 
plants  on  which  they  feed.  But  many  springs  hold  so  much  carbonic 
acid  in  solution,  that  they  are  enabled  to  dissolve  a  much  larger  quantity 
of  calcareous  matter  than  rain-water ;  and  when  the  acid  is  dissipated  in 
ibm  atmosphere,  the  mineral  ingredients  are  thrown  down,  in  the  form  of 
tufa  or  travertin.* 

tduvergne. — Calcareous  springs,  although  most  abundant  in  limestone 
districts,  are  by  no  means  confined  to  them,  but  flow.out  indiscriminately 

*  TliB  more  loose  and  porout  rock,  uiiallj  eoDtaining  incnuted  plants  and  other 
■ttbstaacei,  is  called  tufa;  the  more  oompaot,  travertin.  See  Gloesary,  <Tufa,' 
*  Travertin/  end  of  Vol.  I. 
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from  all  rock  formations.  In  Central  Franos*  a  district  whero  tha  pri- 
mary rocks  are  unasually  destitute  of  limestone,  springs  copioasly  charged 
with  carbonate  of  lime  rise  up  through  the  granite  and  gnefta.  Some  of 
these  are  thermal,  and  probably  derive  their  origin  ^m  the  deep  aooree 
of  volcanic  heat,  once  so  active  in  that  region.  One  of  these  springs,  at 
the  northern  base  of  the  hill  upon  which  Clermont  is  boilt,  issoet  from 
volcanic  peperino,  which  rests  on  granite.  It  has  formed,  by  its  iocms- 
tations,  an  elevated  mound  of  travertin,  or  white  concretionary  limestmie, 
240  feet  in  length,  and,  at  its  termination,  sixteen  feet  high  and  twelve 
wide.  Another  incrusting  spring  in  the  same  department,  situated  at 
Chaluzet,  near  Pont  Gibaud,  rises  in  a  gneiss  country,  at  the  fool  of  a 
regular  volcanic  cone,  at  least  twenty  miles  from  any  calcaneus  rodu 
Some  masses  of  tufaceous  deposit,  produced  by  this  sprinf*  ha?o  an 
oolitic  texture. 

Valley  of  the  EUa. — If  we  pass  from  the  volcanic  district  of  France  to 
that  which  skirts  the  Apennines  in  the  Italian  peninsula,  we  meet  with 
innumerable  springs  which  have  precipitated  so  much  calcareous  matter, 
that  the  whole  ground  in  some  parts  of  Tuscany  is  coated  over  with 
^travertin,  and  sounds  hollow  beneath  the  foot. 

In  other  places  in  the  same  country,  compact  rocks  are  seen  descending 
the  slanting  sides  of  hills,  very  much  in  the  manner  of  lava  currents, 
except  that  they  arc  of  a  white  colour,  and  terminate  abruptly  when  tfaey 
reach  the  course  of  a  river.  These  consist  of  the  calcareous  preci[Htate 
of  springs,  some  of  them  still  flowing,  while  others  have  disappeared  or 
changed  their  position.  Such  masses  are  frequent  on  the  slope  of  the 
hills  which  bound  the  valley  of  the  Elsa,  one  of  the  tributaries  of  the 
Arno,  which  flows  near  Colle,  through  a  valley  several  hundred  feet  deep, 
shaped  out  of  a  lucustrine  formation,  containing  fossil  shells  of  existing 
species.  The  travertin  is  unconformable  to  the  lucustrine  beds,  snd  its 
inclination  accords  with  the  slope  of  the  sides  of  the  valley. 

One  of  the  finest  examples  which  I  saw,  was  at  the  Molino  delle  Cal- 
dane,  near  Colle. 

The  Sena,  and  several  other  small  rivulets  which  feed  the  Elsa,  have 
the  property  of  lapidifying  wood  and  herbs ;  and,  in  the  bed  of  the  Elss 
itself,  aquatic  plants,  such  as  Chars,  which  absorb  large  quantities  of 
carbonate  of  lime,  are  very  abundant.  Carbonic  acid  is  also  seen  in  the 
same  valley,  bubbling  up  from  many  springs,  where  no  precipitate  of  tofa 
is  observable.  Targioni,  who  in  his  travels  has  mentioned  a  great  num- 
ber of  mineral  waters  in  Tuscany,  found  no  diflference  between  the 
deposits  of  cold  and  thermal  springs.  They  issue  sometimes  from  the 
older  Apennine  limestone,  shale,  and  sandstone,  while,  in  other  places, 
they  flow  from  more  modern  deposits ;  but  even  in  the  latter  case,  their 
source  may  probably  be  in  or  below  the  older  series  of  strata. 
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Baths  of  San  FignofW.— Those  fcnoaa  who  haw  taerelj-  seen  the 
aetion  of  pelrifyiny  water*  ia  our  own  coontty,  will  oot  eaaily  Ibrm  an 
adequate  coneeptioo  of  the  scale  on  which  the  same  proceas  is  exhibited 
in  those  regions  which  lie  nearer  to  the  aeiire  centres  of  volcanic  disturb- 
ance. One  of  the  moat  atriking  examplea  of  tlia  rapid  precipitation  of 
carbonale  of  lime  from  thermal  waters  occurs  in  the  hill  of  San  Vignone 
in  Tascuy,  at  a  ahort  distance  from  Radicofitni,  and  only  a  few  hundred 
yarda  from  the  high  road  between  Sienna  and  Rome.  The  spring  israea 
from  near  the  summit  of  a  rocky  hill,  about  100  feet  in  height.  The  top 
«r  the  hill  is  flat,  and  stretches  in  a  gandy  inclined  platform  to  the  foot  of 
Hoont  Amiata,  a  lofty  eminence,  which  consisle  in  great  part  of  votcanio 
prodoeta.  The  fundamental  rock,  from  which  the  spring  issues,  is  a 
Hack  slate,  with  serpentine  {bb.  Fig.  11.),  belonging  to  the  older  Apen- 
nine  formatim.    The  water  is  hot,  has  a  strong  taste,  and,  when  not  in 
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rery  email  quantity,  is  of  a  bright  green  colour.  So  rapid  is  the  deposi- 
tion near  the  aontee,  that  in  the  boltora  of  a  conduit-pipe  for  carrying  off 
die  water  to  the  baths,  and  which  is  inclined  at  an  angle  of  30°,  half  a 
foot  of  solid  traTerlin  is  formed  every  year.  A  more  compact  rock  is 
|Ht>duced  where  the  water  flows  slowly,  and  the  precipitation  in  winteri 
when  there  is  least  evaporation,  is  riaid  to  ba  more  aolid,  but  lets  in 
quantity  by  one-fourth,  than  in  summer.  The  rock  is  generally  white ; 
«HM  parts  of  it  are  compact,  and  ring  to  the  hammer ;  others  are  cellular, 
and  wMi  such  cavities  as  are  seen  in  tha  carious  part  of  bone  or  the 
siliceous  millstone  of  the  Paris  basin.  A  portion  of  it  also  below  the 
Tillage  of  San  Vignone  consists  of  incnistattonB  of  long  vegetable  tubes, 
and  may  be  called  tufa.  Sometimes  the  traTertin  assumes  precisely 
the  botryoidal  and  mammillary  forms,  common  to  similar  deposits  in 
AoTcrgne,  of  a  much  older  dale,  hereafter  to  be  mentioned ;  and,  like 
them,  it  often  scales  off  in  thin,  slightly  undulating  layers. 

A  large  mass  of  travertin  (c.  Fig.  11.)  descends  the  hill  (torn  the  point 
where  the  spring  issues,  and  reaches  to  the  dislance  of  about  half  a  mile 
east  of  San  Vignone.     The  beds  take  the  slope  of  the  hill  at  about  an 
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angle  of  6°,  and  the  planes  of  stratification  are  perfecdy  paralleL  One 
stratum,  cemposed  of  many  layers,  is  of  a  compact  nature,  and  fideen  feet 
thick :  it  serves  as  an  excellent  building  stone,  and  a  mass  of  fifteen  feet 
in  length  was,  in  1 828,  cut  out  for  the  new  bridge  over  the  Orcia*  Another 
branch  of  it  (a.  Fig.  11.)  descends  to  the  west,  for  250  feet  in  length,  of 
varying  thickness,  but  sometimes  200  feet  deep  :  it  is  then  cut  off  by  the 
small  river  Orcia,  precisely  as  some  glaciers  in  Switzerland  descend  into 
a  valley  till  their  progress  is  suddenly  arrested  by  a  transverse  stream  of 
water. 

The  abrupt  termination  of  the  mass  of  rock  at  the  river,  when  its  thick- 
ness is  undiminished,  clearly  shows  that  it  would  proceed  much  farther 
if  not  arrested  by  the  stream,  over  which  it  impends  sligfady.  But  it 
cannot  encroach  upon  the  channel  of  the  Orcia,  being  constantly  nndei^ 
mined,  so  that  its  solid  fragments  are  seen  strewed  amongst  the  alluvitl 
gravel.  However  enormous,  therefore,  the  mass  of  solid  rock  may  appear 
which  has  been  given  out  by  this  single  spring,  we  may  feel  assured  thit 
it  is  insignificant  in  volume  when  compared  to  that  which  has  been  carried 
to  the  sea  since  the  time  when  it  began  to  fiow.  What  may  have  been  the 
length  of  that  period  of  time,  we  have  no  data  for  conjecturing.  In  qua^ 
rying  the  travertin,  Roman  tiles  have  been  sometimes  found  at  the  depth 
of  five  or  six  feet 

Baths  of  San  Filippo. — On  another  hill,  not  many  miles  from  that  last 
mentioned,  and  also  connected  with  Mount  Amiata,  the  summit  of  which 
is  about  three  miles  distant,  are  the  celebrated  baths  of  San  Filippo.  The 
subjacent  rocks  consist  of  alternations  of  black  slate,  limestone,  and  ser- 
pentine, of  highly  inclined  strata,  belonging  to  the  Apennine  formation, 
and,  as  at  San  Vignone,  near  the  boundary  of  a  tertiary  basin  of  marine 
origin,  consisting  chiefly  of  blue  argillaceous  marl.  There  are  three  warm 
springs  here,  containing  carbonate  and  sulphate  of  lime,  and  sulphate  of 
magnesia.  The  water  which  supplies  the  baths  falls  into  a  pond,  where 
it  has  been  known  to  deposit  a  solid  m^ifis  thirty  feet  thick,  in  about  twenty 
years.*  A  manufactory  of  medallions  in  basso-relievo  is  carried  on  at 
these  baths.  The  water  is  conducted  by  canals  into  several  pits,  in  which 
it  deposits  travertin  and  crystals  of  sulphate  of  lime.  After  being  thus 
freed  from  its  grosser  parts,  it  is  conveyed  by  a  tube  to  the  summit  of  a 
small  chamber,  and  made  to  fall  through  a  space  of  ten  or  twelve  feet 
The  current  is  broken  in  its  descent  by  numerous  crossed  sticks,  by  which 
the  spray  is  dispersed  around  upon  certain  moulds,  which  are  nibbed 
lightly  over  with  a  solution  of  soap,  and  a  deposition  of  solid  matter  like 
marble  is  the  result,  yielding  a  beautiful  cast  of  the  figures  formed  in  the 
mould.t    The  geologist  may  derive  from  these  experiments  considerable 

*  Dr.  Grosse  on  the  Baths  of  San  Filippo.    Ed.  Phil.  Joorn.  vol.  ii.  p.  392. 
t  Ibid.  p.  297. 
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ight,  in  regard  to  the  high  inclination  at  which  some  semi-crystalline 
precipitations  can  be  formed  ;  for  some  of  the  moulds  are  disposed  almost 
lerpendicularly,  yet  the  deposition  is  nearly  equal  in  all  parts. 

A  hard  stratum  of  stone,  about  a  foot  in  thickness,  is  obtained  from 
he  waters  of  San  Filippo  in  four  months  :  and,  as  the  springs  are  powerful 
md  almost  uniform  in  the  quantity  given  out,  we  are  at  no  loss  to  com- 
prehend the  magnitude  of  the  mass  which  descends  the  hill,  which  is  a 
mile  and  a  quarter  in  length  and  the  third  of  a  mile  in  breadth,  in  some 
places  attaining  a  thickness  of  250  feet  at  least.  To  what  length  it  might 
luiTe  reached  it  is  impossible  to  conjecture,  as  it  is  cut  off,  like  the  tra- 
rertin  of  San  Yignone,  by  a  small  stream,  where  it  terminates  abruptly. 
The  remainder  of  the  matter  held  in  solution  is  carried  on  probably  to  the 


Spheroidal  structure  in  travertin. — But  what  renders  this  recent  lime- 
itone  of  peculiar  interest  to  the  geologist,  is  the  spheroidal  form  which  it 
Msumes,  analogous  to  that  of  the  cascade  of  Tiroli,  afterwards  to  be 
described.  The  lamination  of  some  of  the  concentric  masses  is  so  minute 
that  sixty  may  be  counted  in  the  thickness  of  an  inch,  yet,  notwithstand- 
ing these  marks  of  gradual  and  successive  deposition,  sections  are  some- 
times exhibited  of  what  might  seem  to  be  perfect  spheres.  This  tendency 
to  a  mammillary  and  globular  structure  arises  from  the  facility  with  which 
the  calcareous  matter  is  precipitated  in  nearly  equal  quantities  on  all  sides 
of  any  fragment  of  shell  or  wood,  or  any  inequality  of  the  surface  over 
which  the  mineral  water  flows,  the  form  of  the  nucleus  being  readily 
transmitted  through  any  number  of  successive  envelopes.  But  these 
masses  can  never  be  perfect  spheres  although  they  often  appear  such 
when  a  transverse  section  is  made  in  any  line  not  in  the  direction  of  the 
point  of  attachmesL  There  are,  indeed,  occasionally  seen  small  oolitic 
and  pisolitic  grains,  of  which  the  form  is  globular ;  for  the  nucleus,  having 
been  for  a  time  in  motion  in  the  water,  has  received  fresh  accessions  of 
matter  on  ail  sides. 

In  the  same  manner  I  have  seen,  on  the  vertical  walls  of  large  steam 
boilers,  the  heads  of  nails  or  rivets  covered  by  a  series  of  enveloping  crusts 
of  calcareous  matter,  usually  sulphate  of  lime ;  so  that  a  concretionary 
nodule  is  formed,  preserving  a  nearly  globular  shape,  when  increased  to 
a  mass  several  inches  in  diameter.  In  these,  as  in  many  travertins,  tiiere 
i*  often  a  combination  of  the  concentric  and  radialed  structure,  and  the 
last-mentioned  character  is  one  of  those  in  which  the  English  magnesian 
limestone  agrees  with  the  Italian  travertins. 

Another  point  of  resemblance  between  these  rocks,  in  other  respects 
so  dissimilar,  is  tlie  interference  of  one  sphere  with  another,  and  the 
occasional  occurrence  of  cavities  and  vacuities,  constituting  what  has 
been  called  a  honeycombed  structure,  and  also  the  frequent  interposition 
of  loose  incoherent  matter,  between  different  solid  spheroidal  concretions. 
Vol.  I.— 2  A 
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Tety  notwithstanding  sach  poioUi  of  analogy,  Profeaaor  Sedgwick  ob- 
aervesy  that  there  are  proofs  of  the  concretionary  arrangement  in  Ae 
magnesian  limestone  having  taken  place  subsequently  to  original  deposi- 
tjon,  for  in  this  case  the  spheroidal  forms  are  often  quite  Independent  of 
the  direction  of  the  laminas.* 

Btdicami  of  VUerbo.^^l  must  not  attempt  to  desoribe  all  the  ^aees  m 
Italy  where  the  constant  formation  of  limestone  may  be  seen»  as  on  the 
Silaro,  near  Psestum,  on  the  Velino  at  Terni,  and  in  the  vicinity  of  yite^ 
bo.  About  a  mile  and  a  half  north  of  the  latter  town,  in  the  midst  of  i 
sterile  plain  of  volcanic  sand  and  ashes,  and  near  the  hot  baths  called  the 
9uHcami,  a  monticule  is  seen,  about  twenty  feet  high  and  five  bundled 
yards  in  circumference,  entirely  composed  of  concretionary  travertin. 
This  rock  has  been  largely  quarried  for  lime,  and  much  of  it  appears  to 
have  been  removed.  The  laminae  are  very  thin,  and  their  mlnnte  rnidu- 
lations  so  arranged,  that  the  whole  mass  has  at  once  a  ooncentrie  and 
radiated  structure.  The  beds  dip  at  an  angle  of  40^  or  more  from  the 
centre  of  the  monticule  outwards.  The  whole  mass  has  evidently  been 
formed  gradually,  like  the  conical  mounds  of  the  geysers  in  Iceland,  by  a 
small  jet  or  fountain  of  calcareous  water,  which  overflowed  from  the  eun- 
mit  of  the  monticule.  A  spring  of  hot  water  still  issues  in  the  neighbour- 
hood, which  is  conveyed  to  an  open  tank  used  as  a  bath,  the  bottom  and 
sides  of  which,  as  well  as  the  open  conduit  which  conveys  the  water,  are 
encrusted  with  travertin. 

Campagna  di  Roma. — The  country  around  Rome,  like  many  parts  of 
the  Tuscan  States  already  referred  to,  has  been  at  some  former  period  the 
site  of  numerous  volcanic  eruptions ;  and  the  springs  are  still  copiously 
impregnated  with  lime,  carbonic  acid,  and  sulphuretted  hydrogen.  A  hot 
spring  has  lately  been  discovered  near  Civita  Vecchia,  by  Signer  Ricci- 
oli,  which  deposits  alternate  beds  of  a  yellowish  travertin,  and  a  white 
granular  rock,  not  distinguishable,  in  hand  specimens,  either  in  grain, 
colour,  or  composition,  from  statuary  marble.  There  is  a  passage  be- 
tween this  and  ordinary  travertin.  The  mass  accumulated  near  the  spring 
is  in  some  places  about  six  feet  thick. 

Lake  of  the  Solfaiara. — ^In  the  Campagna,  between  Rome  and  Tivoli, 

*  Geol.  Trans.  2d  series,  vol.  iii.  p.  37.  I  have  latelj  seen  some  speclmeDS  of 
spheroidal  magnesian  limestone,  collected  bj  Professor  Sed^ick,  where  the  cal- 
careous  laminsB  are  intersected  at  a  high  angle  by  the  boundary  line  of  the  globule  of 
which  they  form  a  part.  In  a  former  edition  I  stated,  that  on  visiting  Sunderland  im- 
mediately afler  examining  the  travertins  of  Auvergne  and  Siciiy  (the  former  of  lacov- 
trine,  the  latter  of  submarine  origin),  I  recognised  a  striking  degree  of  identity  in  the 
prevailing  concretionary  forms  assumed  by  our  magnesian  limestone  and  thoee  of 
the  travertins  with  the  appearance  of  which  my  eye  was  then  familiar.  I  am  still 
convinced  that  much  light  would  be  thrown  on  the  mode  of  formation  of  both  these 
rocks  by  a  comparison  of  the  points  in  which  they  mutually  agree  with  or  differ  from 
each  other. 
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is  the  lake  of  die  So}fatara»  called  also  Lago  di  Zolfo  (lacns  albula,)  into 
which  flowe  ooEtinaally  a  stream  of  tepid  water,  from  a  smaller  lake 
■itualed  a  few  yards  above  it.  The  water  is  a  saturated  solution  of  ear* 
bonic  acid  gas,  which  escapes  from  it  in  such  quantities  in  some  parts  of 
its  surfaee,  that  it  has  the  appearance  of  being  actually  in  ebullition.  *•  I 
have  foand  by  experiment,"  says  Sir  Humphry  Davy,  **  that  the  water 
taken  from  the  most  tranquil  part  of  the  lake,  eren  after  being  agitated  and 
exposed  to  the  air,  contained  in  solution  more  than  its  own  volume  of  car- 
bonie  acid  gas,  with  a  very  small  quantity  of  sulphuretted  hydrogen.  Its 
high  lemperatmre,  which  is  pretty  constant  al  80^  of  Fahr.,  and  the  quan- 
tity of  carbonic  acid  that  it  contains,  render  it  peculiarly  fitted  to  afford 
nourishment  to  vegetable  life.  The  banks  of  travertin  are  every  where 
covered  with  reeds,  lichen,  confervie,  and  various  kinds  of  aquatic  vegeta- 
bles ;  and  at  the  same  time  that  the  process  of  vegetable  life  is  going  on, 
the  crystailixations  of  the  calcareous  matter,  which  is  every  where  de- 
posited, in  oonsequence  of  the  escape  of  carbonic  acid,  likewise  proceed. 
—There  is,  I  believe,  no  place  in  the  world  where  there  is  a  more  strik- 
ing example  of  the  opposition  or  contrast  of  the  laws  of  animate  and  in- 
animate nature,  of  the  forces  of  inorganic  chemical  affinity,  and  those  of 
the  powers  of  life."* 

The  same  observer  informs  us,  that  he  fixed  a  stick  in  a  mass  of  traver- 
tin covered  by  the  water  in  the  month  of  May,  and  in  April  following  he 
had  some  difficulty  in  breaking,  with  a  sharp-pointed  hammer,  the  mass 
which  adhered  to  the  stick,  and  which  was  several  inches  in  thickness. 
The  upper  part  was  a  mixture  of  light  tufa  and  the  leaves  of  confervae : 
below  this  was  a  darker  and  more  solid  travertin,  containing  black  and 
decomposed  masses  of  confervs ;  in  the  inferior  part  the  travertin  was 
more  solid,  and  of  a  gray  colour,  but  with  cavities  probably  produced  by 
the  decomposition  of  vegetable  matter.t 

The  stream  which  flows  out  of  this  lake  fills  a  canal  about  nine  feet 
broad  and  four  deep,  and  is  conspicuous  in  the  landscape  by  a  line  of 
yapour  which  rises  from  it.  It  deposits  calcareous  tufa  in  this  channel, 
and  the  Tiber  probably  receives  from  it,  as  well  as  from  numerous  other 
streams,  much  carbonate  of  lime  in  solution,  which  may  contribute  to  the 
rapid  growth  of  its  delta.  A  large  proportion  of  the  most  splendid  edifices 
of  ancient  and  modern  Rome  are  built  of  travertin,  derived  from  the  quar- 
ries of  Ponte  Leucano,  where  there  has  evidently  been  a  lake  at  a  remote 
period,  on  the  same  plain  as  that  already  described.  But  the  considera- 
tion of  these  would  carry  us  beyond  the  times  of  history,  and  I  shall  con- 
clude with  one  more  example  of  the  calcareous  deposits  of  this  neighbour- 
hood,— those  on  the  Anio. 

*  CoofloUtions  in  Travel,  pp.  13^*135.  t  Ibid,  p  127.         ' 
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Travertin  of  71itto&'.^Tbe  walert  of  the  Anio  ioenut  the  roads  whick 
grow  on  ill  banlu,  and  the  foam  of  the  catarKct  of  Tivoli  forms  beaetilU 
pendant  aialactitei;  buti  on  the  sidea  of  the  deep  ofaum  into  which  iha 
caacade  throws  itaelfi  there  is  seen  an  extraordinary  accuroulalion  of  bwi- 
tontal  beds  of  tnfa  and  travertin,  from  four  to  fife  hundred  feet  in  thick- 
ness. The  seciion  immediately  under  the  temples  of  Vesta  and  Iha 
Sibyl,  displays,  in  a  precipice  abont  four  hundred  feet  high,  somo  b|>I» 
Toids  which  are  from  tix  to  eight/eel  in  diameter,  each  conceotrio  layw 
being  about  the  eighth  of  an  inch  in  thickness.  The  annexed  diagiBH 
exhibits  about  fourteen  feet  of  ibis  immense  masa,  aa  seen  in  the  path  est 
out  of  the  rock  in  descending  from  the  temple  of  Vesta  to  the  Grotto  di 
Nettuno.  1  have  not  attempted  to  express  in  this  drawing  llie  iDnnDia» 
ble  thin  layer*  of  which  these  magnificent  spheroids  are  composed,  bnl 
the  lines  given  mark  some  of  the  natural  divisions  into  which  ifaey  are 
separated  by  minute  varialions  in  the  size  or  colour  of  the  laminv.  7^ 
nndalations  also  are  much  smaUer,  in  proportion  to  the  whole  o 
Fig.  12. 


SMim  ff  aplttrmJal  ComerMiuurg  Travertin  taUar  At  Catcai*  rf  TivM. 
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ence,  than  in  the  drawing.  The  beds  a  a  are  of  hard  travertin  and  soft 
tufa  ;  below  them  is  a  pisolite  (6),  the  globules  being  of  difTerent  sizes : 
underneath  this  appears  a  mass  of  concretionary  travertin  (c  c),  some  of 
the  spheroids  being  of  the  above-mentioned  extraordinary  size.  In  some 
places  (as  at  d)  there  is  a  mass  of  amorphous  limestone,  or  tufa,  surround- 
ed by  concentric  layers.  At  the  bottom  is  another  bed  of  pisolite  (6),  in 
which  the  small  nodules  are  about  the  size  and  shape  of  beans,  and  some 
of  them  of  filberts,  intermixed  with  some  smaller  oolitic  grains.  In  the 
tafaceons  strata,  wood  is  seen  converted  into  a  light  tufa. 

The  following  seems  the  most  probable  explanation  of  the  origin  of  the 
lock  in  this  singular  position.  The  Anio  flows  through  a  deep  irregular 
fissure  or  gorge  in  the  Apennine  limestone,  which  may  have  been  caused 
by  earthquakes.  In  this  deep  narrow  channel  there  existed  many  small 
lakes,  three  of  which  have  been  destroyed  since  the  time  of  history,  by 
the  erosive  action  of  the  torrent,  the  last  o(  them  having  remained  down 
to  the  sixth  century  of  our  era. 

We  may  suppose  a  similar  lake  of  great  depth  to  have  existed  at  some 
remote  period  at  Tivoli,  and  that,  into  this,  the  waters,  charged  with  car- 
bonate of  lime,  fell  from  a  height  inferior  to  that  of  the  present  cascade. 
Having,  in  their  passage  through  the  upper  lakes,  parted  with  their  sand, 
pebbles,  and  coarse  sediment,  they  only  introduced  into  this  lower  pool 
drift-wood,  leaves,  and  other  buoyant  substances.  In  seasons  when  the 
water  was  low,  a  deposite  of  ordinary  tufa,  or  of  travertin,  formed  along 
the  bottom ;  but  at  other  times,  when  the  torrent  was  swollen,  the  pool 
must  have  been  greatly  agitated,  and  every  small  particle  of  carbonate  of 
lime  which  was  precipitated  must  have  been  whirled  round  again  and 
again  in  various  eddies,  until  it  acquired  many  concentric  coats,  so  as  to 
resemble  oolitic  grains.  If  the  violence  of  the  motion  be  suflicient  to 
cause  the  globule  to  be  suspended  for  a  suflicient  length  of  time,  it  would 
grow  to  the  size  of  a  pea,  or  much  larger.  Small  fragments  of  vegetable 
stems  being  incrusted  on  the  sides  of  the  stream,  and  then  washed  in, 
would  form  the  nucleus  of  oval  globules,  and  others  of  irregular  shapes 
would  be  produced  by  the  resting  of  fragments  for  a  time  on  the  bottom 
of  the  basin,  where,  after  acquiring  an  unequal  thickness  of  travertin  on 
one  side,  they  would  again  be  set  in  motion.  Sometimes  globules,  pro- 
jecting above  the  general  level  of  a  stratum,  would  attract,  by  chemical 
affinity,  other  matter  in  the  act  of  precipitation,  and  thus  growing  on  all 
sides,  with  the  exception  of  the  point  of  contact,  might  at  length  form 
spheroids  nearly  perfect  and  many  feet  in  diameter.  Masses  might  in- 
crease above  and  below,  so  that  a  Vertical  section  might  afterwards  pre- 
sent the  phenomenon  so  common  at  Tivoli,  where  the  nucleus  of  some  of 
the  concentric  circles  has  the  appearance  of  having  been  suspended,  with- 
our  support,  in  the  water,  until  it  became  a  spheroidal  mass  of  great  di- 
mensions. 
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ii  ii  pnbi^k  that  the  dale  of  the  greater  portion  of  thie  caleueoQi 
fonnation  nay  be  anterior  to  the  era  of  history,  for  we  know  that  thai 
was  a  great  cascade  at  Tivoli  in  very  ancieift  times  ;  bat,  in  the  upper 
part  of  the  travertin,  is  shown  the  hollow  left  by  a  wheel,  in  whieh  the 
outer  circle  and  the  spokes  have  been  decomposed,  and  the  spaces  which 
they  filled  have  been  left  void.  It  seems  impossible  to  explain  the  poii- 
tiou  of  this  mould,  without  supposing  that  the  wheel  was  imbedded 
before  the  lake  was  drained. 

Calcartotu  tprings  in  the  Couranis.-— Pallas,  in  his  journey  along  the 
Caucasus,  a  country  now  subject,  from  time  to  time,  to  be  rent  and  fie* 
sured  by  violent  earthquakes,  enumerates  a  great  many  hot  springSt  which 
have  deposited  monticules  of  travertin  precisely  analogons  in  compoeitioa 
and  structure  to  those  of  the  baths  of  San  Filippo  and  other  loesJittes  is 
Italy.  When  speaking  of  the  tophus-stone,  as  he  terms  these  limestones, 
he  often  observes  that  it  is  snow-white^  a  description  which  is  very  ap]4i* 
cable  to  the  newer  part  of  the  deposit  at  San  Filippo,  where  it  has  not 
become  darkened  by  weathering*  In  many  localities  in  the  regione 
between  the  Caspian  and  Black  Seas,  where  subterranean  convulsions  are 
frequent,  travellers  mention  calc-sinter  as  an  abundant  product  of  bo^ 
springs.  Near  the  shores  of  the  Lake  Urmia  (or  Maragha,)  for  exam- 
ple, a  marble  which  is  much  used  in  ornamental  architecture  is  rapidly 
deposited  by  a  thermal  spring.* 

It  is  probable  that  the  zoophytic  and  shelly  limestones,  which  eonstitnte 
the  coral  reefs  of  the  Indian  and  Pacific  Oceans,  are  supplied  with  carbo* 
nate  of  lime  and  other  mineral  ingredients  from  submarine  springs,  and 
that  their  heat,  as  well  as  their  earthy  and  gaseous  contents,  may  promote 
the  development  of  corals,  sponges,  and  testacea,  just  as  vegetation  is 
quickened  by  similar  causes  in  the  lake  of  the  Solfatara  before  described. 
But  of  these  reefs  and  their  probable  origin  I  shall  again  have  occasion  to 
speak  in  the  third  book. 

Sulphureous  and  gypseous  springs, — The  quantity  of  other  mineral 
ingredients  wherewith  springs  in  general  are  impregnated,  is  insignificant 
in  comparison  to  lime,  and  this  earth  is  most  frequently  combined  with 
carbonic  acid.  But,  as  sulphuric  acid  and  sulphuretted  hydrogen  are 
very  frequently  supplied  by  springs,  gypsum  may,  perhaps,  be  deposited 
largely  in  certain  seas  and  lakes.  The  gypseous  precipitates,  however* 
hitherto  known  on  the  land,  appear  to  be  confined  to  a  very  few  springs. 
Those  at  Baden,  near  Vienna,  which  feed  the  public  bath,  may  b%  cited 
as  examples.  Some  of  these  supply,  singly,  from  600  to  1000  cubic 
feet  of  water  per  hour,  and  deposit  a  fine  powder,  composed  of  a  mixture 
of  sulphate  of  lime,  with  sulphur  and  muriate  of  iime.t 


•  Von  Hoff,  Geichichte,  Ac.,  vol.  ii.  p.  114. 

♦  C.  Prevott,  Etaai  tui  la  ContUtution  Physique  du  Butin  de  Vienne,  p.  10. 
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• 

SUiceaua  springs. — Jlzores.-^ln  order  that  water  should  hold  a  viiry 
large  quantitj  of  silica  in  solution,  it  seems  necessary  that  it  should  be 
rmised  to  a  high  temperature  ;*  and  as  it  may  retain  a  greater  heat  under 
the  pressure  of  the  sea  than  in  the  atmosphere,  submarine  spriogs  may, 
perhaps*  be  more  charged  with  silex  tlian  any  to  which  we  have  access. 
The  hot  springs  of  the  Valle  das  Furnas«  in  the  Island  of  St.  MichaeU 
rieiBg  through  volcanic  rocks,  precipitate  vast  quantities  of  siliceous  sinter^ 
ae  it  is  usually  termed.  Around  the  circular  basin  of  the  largest  springv 
which  is  between  twenty  and  thirty  feet  in  diameter,  alternate  layers  are 
eeen  of  a  coarser  variety  of  sinter  mixed  with  clay,  including  grassy  ferns, 
and  reeds,  in  different  states  of  petrifaction.  Wherever  the  water  has 
flowed,  sinter  is  found  rising  in  some  places  eight  or  ten  inches  above 
the  ordinary  level  of  the  stream.  The  herbage  and  leaves,  more  or  less 
incmsted  with  silex,  are  said  to  exhibit  all  the  successive  steps  of  petri* 
faction,  from  the  soft  state  to  a  complete  conversion  into  stone ;  but  in 
some  instances,  alumina,  which  is  likewise  deposited  from  the  hot  waters, 
is  the  mineralizing  material.  Branches  of  the  same  ferns  which  now 
flourish  in  the  island  are  found  completely  petrified,  preserving  the  same 
appearance  as  when  vegetating,  except  that  they  acquire  an  ash-gray 
oolour.  Fragments  of  wood,  and  one  entire  bed  from  three  to  five  feet 
in  depth,  composed  of  reeds  now  common  in  the  island,  have  become 
eompletely  mineralized. 

The  most  abundant  variety  of  siliceous  sinter  occurs  in  layers  from  a 
quarter  to  half  an  inch  in  thickness,  accumulated  on  each  other  often  to 
the  height  of  a  foot  and  upwards,  and  constituting  parallel,  and  for  the 
most  part  horizontal,  strata  many  yards  in  extent.  This  sinter  has  often 
a  beautiful  semi-opalescent  lustre.  One  of  the  varieties  difiers  from  that 
of  Iceland  and  Ischia  in  the  larger  proportion  of  water  it  contains,  and  in 
the  absence  of  alumina  and  lime.  A  recent  breccia  is  also  in  the  act  of 
forming,  composed  of  obsidian,  pumice,  and  scoris,  cemented  by  siliceous 
einter.t 

Oeystrs  of  Iceland. — ^But  the  hot  springs  in  various  parts  of  Iceland, 
particularly  the  celebrated  geysers,  afford  the  most  remarkable  example 
of  the  deposition  of  silex.j:  The  circular  reservoirs  into  which  the 
geysers  fall,  are  filled  in  the  middle  with  a  variety  of  opal,  and  round  the 
adges  with  siuter.  The  plants  incmsted  with  the  latter  substance  have 
mnch  the  same  appearance  as  those  incrusted  with  calcareous  tufa  in  our 
own  country. 

In  some  of  the  thermal  waters  of  Iceland  a  vesicular  rock  is  formed, 
containing  portions  of  vegetables  more  or  less  completely  silicified  ;   and 


*  Daubeny  on  Volcanos,  p.  222. 

t  Dr.  Webflter  on  the  Hot  Spring!  of  Fumafl,  Ed.  Phil.  Joam.,  vol.  vi.  p.  306. 

X  See  a  eat  of  the  Icelandic  geyaer,  Book  II.  chap.  19. 
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amongst  other  products  of  springs  in  this  island,  is  that  admiztnre  of 
clay  and  silica,  called  tripoli. 

By  analysis  of  the  water,  Mr.  Faraday  has  ascertained  that  the  solutioo 
of  the  silez  is  promoted  by  the  presence  of  the  alkali,  soda.  He  sof- 
gests  that  the  deposition  of  silica  in  an  insoluble  state  takes  place  panly 
because  the  water  when  cooled  by  exposure  to  the  air  is  unable  Id  retain 
as  much  silica  as  when  it  issues  from  tlie  earth  at  a  temperature  of  160° 
or  100°  Fahr.;  and  partly  because  the  evaporation  of  the  water  decon- 
poses  the  compound  of  silica  and  soda  which  previously  existed.  Thii 
last  change  is  probably  hastened  by  the  carbonic  acid  of  the  atmoapheie 
uniting  with  the  soda.  The  alkali,  when  disunited  from  the  siliet, 
would  readily  be  dissolved  in  and  removed  by  running  water.* 

hchia. — It  has  been  found,  by  recent  analysis,  that  several  of  the  the^ 
mal  waters  of  Ischia  are  impregnated  with  a  certain  proportion  of  silica. 
Some  of  the  hot  vapours  of  that  island  are  above  the  temperature  of  boil- 
ing water ;  and  many  fissures,  near  Monte  Vico,  through  which  the  hot 
steam  passes,  are  coated  with  a  siliceous  incrustation,  first  noticed  by  Dr. 
Thompson  under  the  name  of  fiorite. 

w^va,  Sfc. — It  has  been  often  stated  that  the  Danube  has  converted  the 
external  part  of  the  piles  of  Trajan's  bridge  into  silex ;  the  Irawadi,  in 
Ava,  has  been  supposed,  ever  since  the  time  of  the  Jesuit  Padre  Duchatz, 
to  have  the  same  petrifying  power,  as  also  Lough  Neagh,  in  Ireland. 
Modern  researches,  however,  in  the  Burman  empire,  have  thrown  doubt 
upon  the  lapidifying  property  of  the  Ava  river  ;t  there  is  certainly  no 
foundation  for  the  story  in  regard  to  Lough  Neagh,  and  probably  none  in 
regard  to  the  Danube. 

Mineral  waters,  even  when  charged  with  a  small  proportion  of  silica, 
as  those  of  Ischia,  may  supply  certain  species  of  corals  and  sponges  with 
matter  for  their  siliceous  secretions;  but  when  in  a  volcanic  archipelago, 
or  a  region  of  submarine  volcanos,  there  are  springs  so  saturated  with 
silica  as  those  of  Iceland  or  the  Azores,  we  may  expect  layers  and  nodules 
of  silcx  and  chert  to  be  spread  out  far  and  wide  over  the  bed  of  the  sea, 
and  interstralified  with  shelly  and  calcareous  deposits,  which  may  be  form- 
ing there,  or  with  matter  derived  from  wasting  cliffs  or  volcanic  ejections. 

Ferruginous  springs. — The  waters  of  almost  all  springs  contain  some 
iron  in  solution  ;  and  it  is  a  fact  familiar  to  all,  that  many  of  them  are  so 
copiously  impregnated  with  this  metal,  as  to  stain  the  rocks  or  herbage 
through  which  they  pass,  and  to  bind  together  sand  and  gravel  into  solid 
masses.  We  may  naturally,  then,  conclude  that  this  iron,  which  is  con- 
stantly conveyed  from  the  interior  of  the  earth  into  hikes  and  seas,  and 
which  does  not  escape  again  from  them  into  the  atmosphere  by  evapora- 
tion, must  act  as  a  colouring  and  cementing  principle  in  the  subaqueous 

•  Barrow's  Iceland,  p.  209. 

t  Dr.  Buckland,  Geol.  Trani.  2d  seriei,  vol.  ii.  part  iu.  p.  3B4. 
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deposits  aow  in  progreM.  It  will  be  aderwaide  seen  that  laany  stnd- 
stones  and  other  rocks  in  the  sedimentary  strata  of  ancient  lakes  and  seas 
are  bonnd  together  or  coloured  by  iron,  and  this  fact  preaents  us  with  a 
striking  point  of  analogy  between  the  state  of  things  at  very  different 
epochs.  In  those  older  formations  we  meet  with  great  abundance  of  car- 
bonate and  sulphuret  of  iron ;  and  in  chalybeate  waters,  at  present,  this 
metal  is  most  frequently  in  the  state  of  a  carbonate,  as  in  those  of  Tun- 
bridge,  for  example.  Sulphuric  acid,  however,  is  often  the  solventt 
which  is  in  many  cases  derived  from  the  decomposition  of  pyrites. 

Brine  springs. — Cheshire. — So  great  is  the  quantity  of  muriate  of  soda 
in  some  springs,  that  they  yield  one«fourth  of  their  weight  in  salt.  They 
are  rarely,  however,  so  saturated,  and  generally  contain,  intermixed  with 
salt,  carbonate  and  sulphate  of  lime,  magnesia,  and  other  mineral  ingre* 
dients.  The  brine  springs  of  Cheshire  are  the  richest  in  our  country ; 
those  of  Barton  and  North  wich  being  almost  and  those  of  Droitwich  fully 
saturated.*  They  are  known  to  have  flowed  for  more  than  1000  years, 
and  the  quantity  of  salt  which  they  have  carried  into  the  Severn  and  Mer- 
sey must  be  enormous.  These  brine  springs  rise  up  through  strata  of 
sandstone  and  red  marl,  which  contain  large  beds  of  rock  salt.  The  origin 
of  the  brine,  therefore,  may  be  derived  in  this  and  many  other  instances 
from  beds  of  fossil  salt ;  but  as  muriate  of  soda  is  one  of  tlie  products  of 
volcanic  emanations  and  of  springs  in  volcanic  regions,  the  original  souroa 
of  salt  may  be  as  deep  seated  as  that  of  lava. 

Dead  Sea. — ^The  waters  of  the  Dead  Sea  contain  scarcely  any  thing 
except  muriatic  salts,  which  lends  countenance,  observes  Dr.  Daubeny, 
to  the  volcanic  origin  of  the  surrounding  country,  these  salts  being  fre- 
quent products  of  volcanic  eruptions.  Many  springs  in  Sicily  contain 
muriate  of  soda,  and  the  '^fiume  salso,"  in  particular,  is  impregnated  with 
so  large  a  quantity,  that  cattle  refuse  to  drink  of  it 

«ffti0frgn€.-— A  hot  spring,  rising  through  granite,  at  Saint  Nectaire,  in 
Anyergne,  may  be  mentioned  as  one  of  many,  containing  a  large  propor- 
tion of  mnriate  of  soda,  together  with  magnesia  and  other  ingredients.! 

Carbcnaied  Springs. — w^uver^Tie.— -Carbonic  acid  gas  is  very  plenti- 
fully disengaged  from  springs  in  almost  all  countries,  but  particularly 
near  active  or  extinct  volcanos.  This  elastic  fluid  has  the  property  of 
decomposing  many  of  the  hardest  rocks  with  which  it  comes  in  contact, 
particularly  that  numerous  class  in  whose  composition  felspar  is  an  ingre- 
dient It  renders  the  oxide  of  iron  soluble  in  water,  and  contributes,  as 
was  before  stated,  to  the  solution  of  calcareous  matter.  In  volcanic  dis- 
tricts these  gaseous  emanations  are  not  confined  to  springs,  but  rise  up  in 
the  state  of  pure  gas  from  the  soil  in  various  places.  The  Grotto  del 
Cane,  near  Naples,  affords  an  example,  and  prodigious  quantities  are  now 

*  L.  Homer,  Geol.  Trani.  vol.  ii.  p.  94. 
t  Annales  de  TAavergne,  tome  i.  p.  234. 
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annuany  disengaged  from  every  part  of  the  Limagne  d'Aavergne,  when 
it  appears  to  liava  been  developed  in  equal  quantity  from  time  imeiemoriaL 
As  the  acid  is  invisible,  it  is  nOt  observed,  except  an  excavation  be 
made,  wherein  it  immediately  accumulates,  so  that  it  will  extinguish  t 
candle.  There  ire  some  springs  in  this  district,  where  the  water  is  sea 
bubbling  and  boiling  up  with  much  noise,  in  consequence  of  the  abiuida&t 
disengagement  of  this  gas.  The  whole  vegetation  is  affected^  and  many 
trees,  such  as  the  walnut,  flourish  more  luxuriantly  than  they  wooU 
otherwise  do  in  the  same  soil  and  climate-^the  leaves  probably  absorbing 
carbonic  acid.  This  gas  is  found  in  springs  rising  through  the  granite 
near  Clermont,  as  well  as  in  the  tertiary  limestones  of  the  Limagne,*  h 
the  environs  of  Pont-Gibaud,  not  far  from  Clermont,  a  rock  belonging  to 
the  gneiss  formation,  in  which  lead-mines  are  worked,  has  been  found  to 
be  quite  saturated  with  carbonic  acid  gas,  which  is  constantly  disenisaged. 
The  carbonates  of  iron,  lime,  and  manganese  are  so  dissolvedt  thai  the 
rock  is  rendered  soft,  and  the  quartz  alone  remains  unattacked.t  Not  far 
off  is  the  small  volcanic  cone  of  Chaluzet,  which  once  broke  up  thrmigh 
the  gneiss,  and  sent  forth  a  lava-stream. 

IHsintegralion  of  granite. — The  disintegration  of  granite  is  a  striking 
feature  of  large  districts  in  Auvergne,  especially  in  the  neighbourhood  of 
Clermont  This  decay  was  called  by  Dolomieu,  *'  la  maladie  du  granite  ;'* 
and  the  rock  may  with  propriety  be  said  to  have  the  rot^  for  it  crumbles 
to  pieces  in  the  hand.  The  phenomenon  may,  without  doubt,  be  ascribed 
to  the  continual  disengagement  of  carbonic  acid  gas  from  numerous 
fissures. 

In  the  plains  of  the  Po,  between  Verona  and  Parma,  especially  at  Villa 
Franca,  south  of  Mantua,  I  observed  great  beds  of  alluvium,  consisting 
chiefly  of  primary  pebbles,  percolated  by  spring  water,  charged  with  car- 
'  bonate  of  lime  and  carbonic  acid  in  great  abundance.  They  are  for  the 
most  part  incrusted  with  calc-sinter:  and  the  rounded  blocks  of  gneiss, 
which  have  all  the  outward  appearance  of  solidity,  have  been  so  disin- 
tegrated by  the  carbonic  acid  as  readily  to  fall  to  pieces. 

The  subtraction  of  many  of  the  elements  of  rocks  by  the  solvent  power 
of  carbonic  acid,  ascending  both  in  a  gaseous  state  and  mixed  with  spring 
water  in  the  crevices  of  rocks,  must  be  one  of  the  most  powerful  sources 
of  those  internal  changes  and  re-arrangements  of  particles  so  often  ob- 
served in  strata  of  every  age.  The  calcareous  matter,  for  example,  of 
shells  is  often  entirely  removed  and  replaced  by  carbonate  of  iron,  pyrites, 
silex,  or  some  other  ingredient,  such  as  mineral  waters  usually  contain  in 
solution.  It  rarely  happens,  except  in  limestone  rocks,  that  the  carbonic 
acid  can  dissolve  all  the  constituent  parts  of  the  mass ;  and  for  this  reason, 

•  Le  Coq,  Annales  de  rAuvergne^  tome  i.  p.  217.     May,  1628. 
t  Ann.  Sclent,  de  I'Auvergne,  tome  ii.    June,  1829. 
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probablft  ealcilvoas  rocks  are  almost  the  only  ones  ioi  which  great  esTems 
and  long  Winding  ]Mssftges  are  found. 

Petroleum  '4prtR^«^-8prings  impregnated  with  petrolenm,  and  the 
▼arioQS  minerals  allied  to  it,  as  bitumen,  naphtha,  asphaltom,  and  pitch, 
are  very  numerous,  and  are,  in  many  cases,  undoubtedly  connected  with 
subterranean  fires,  which  raise  or  sublime  the  more  subtle  parts  of  the 
bituminous  matters  contained  in  rocks.  Many  springs  in  the  territory  of 
Modena  and  Parma,  in  Italy,  produce  petroleum  in  abundance;  but  the 
most  powerful,  perhaps,  yet  known,  are  those  on  the  Irawadi,  in  the 
Burman  empire.  In  one  locality  there  are  said  to  be  520  wells,  which 
yield  annually  400,000  hogsheads  of  petroleum.* 

Fluid  bitumen  is  seen  to  ooze  from  the  bottom  of  the  sea,  on  both  sides 
of  the  island  of  Trinidad,  and  to  rise  up  to  the  surface  of  the  water.  Near 
Cape  La  Braye  there  is  a  vortex  which,  in  stormy  weather,  accordiug  to 
Captain  Mallet,  gushes  out,  raising  the  water  five  or  six  feet,  and  covers 
the  surface  for  a  considerable  space  with  petroleum,  or  tar ;  and  the  same 
author  quotes  Gumilla,  as  stating  in  his  **  Description  of  the  Orinoco,'* 
that  about  seventy  years  ago,  a  spot  of  land  on  the  western  coast  of  Trini- 
dad, near  half-way  between  the  capital  and  an  Indian  village,  sank  sud- 
denly, and  was  immediately  replaced  by  a  small  lake  of  pitch,  to  the 
great  terror  of  the  inhabitants.t 

Pitch  Lake  of  Trinidad, — It  is  probable  that  the  great  pitch  lake  of 
Trinidad  owes  its  origin  to  a  similar  cause ;  and  Dr.  Nugent  has  justly 
remarked,  that  in  that  district  all  the  circumstances  are  now  combined 
from  which  deposits  of  pitch  may  have  originated.  The  Orinoco  has  for 
ages  been  rolling  down  great  quantities  of  woody  and  vegetable  bodies 
into  the  surrounding  sea,  where,  by  the  influence  of  currents  and  eddies, 
they  may  be  arrested  and  accumulated  in  particular  places.  The  frequent 
occurrence  of  earthquakes  and  other  indications  of  volcanic  action  in  those 
parts  lend  countenance  to  the  opinion,  that  these  vegetable  substances 
may  have  undergone,  by  the  agency  of  subterranean  fire,  those  transfor- 
mations and  chemical  changes  which  produce  petroleum,  and  this  may, 
by  the  same  causes,  be  forced  up  to  the  surface,  where,  by  exposure  to 
Uie  air,  it  becomes  inspissated,  and  forms  the  difierent  varities  of  pure 
and  earthy  pitch,  or  asphaltum,  so  abundant  in  the  island.  % 

The  bituminous  shades,  so  common  in  geological  formations  of  difier- 
ent ages,  as  also  many  stratified  deposits  of  bitumen  and  pitch,  seem 
clearly  to  attest  that,  at  former  periods,  springs,  in  various  parts  of  the 
world,  were  as  commonly  impregnated  as  now  with  bituminous  matter, 
carried  down,  probably,  by  rivers  into  lakes  and  seas.  It  will,  indeed, 
be  easy  to  show,  that  a  large  portion  of  the  finer  particles  and  the  more 

*  Symes,  Embassy  to  Ave,  yol.  ii. — G«oI.  Trans.,  second  series,  yoI.  ii.  part  iii. 
p.  388. 
t  Dr.  Nugent,  Geol.  Trans,  vol.  i.  p.  69.  %  Ibid.  p.  67. 
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cryitilline  snhittnees,  found  ia  sedimentary  rocke  of  different  ages,  are 
composed  of  the  same  elements  as  are  now  held  in  eolution  by  sprinp, 
while  the  coarser  materials  bear  an  equally  strong  resemUanco  to  the 
alluvial  natter  in  the  beds  of  existing  torrents  and  rivers. 


CHAPTER    IV. 

BtPBODUcrnrs  effects  of  RUNinNo  water. 

Beproduetive  effects  of  numing  water— Divurion  of  Deltaa  into  kcastrine,  meditn- 
ranean,  and  ooeanic — ^Ltke  deltat— Growth  of  the  delta  of  the  Upper  Rhone  is 
the  Lake  of  Qeneva— ^Chronological  computationa  of  the  age  of  deltas— Rcent 
depoaits  ia  Lake  Saperior  (p.  216.)— Deltaa  of  inland  aeaa— Rapid  afadtewingaf 
the  Baltic— Marine  delU  of  the  Rhone  (p.  217.)— Varioua  proofs  of  its  ineieaae-' 
Stony  nature  of  its  depoeita — Delta  of  the  Po,  Adige,  Isonxoi  and  other  riTen 
entering  the  Adriatic— Rapid  conversion  of  that  golf  into  land^ Mineral  charac- 
ters of  the  new  depoeita — Delta  of  the  Nile  (p.  222.)— Ita  increase  ainee  the  tiiae 
of  Homer — Ita  growth  why  checked  at  present. 

Having  considered  the  destroying  and  transporting  agency  of  running 
water,  we  have  now  to  examine  the  reproductive  effects  of  the  same 
cause.  The  aggregate  amount  of  deposits  accumulated  in  a  given  time 
at  the  mouths  of  rivers,  where  they  enter  a  lake  or  sea,  affords  clearer 
data  for  estimating  the  energy  of  the  excavating  power  of  running  water 
on  the  land,  tlian  the  separate  study  of  the  operations  of  the  same  cause 
in  the  countless  ramifications  into  which  every  great  system  of  valleys  is 
divided.  I  shall  therefore  proceed  to  select  some  of  the  leading  facts  at 
present  ascertained  respecting  the  growth  of  deltas,  and  shall  then  offer 
some  general  observations  on  the  quantity  of  sediment  transported  by 
rivers,  and  the  manner  of  its  distribution  beneath  the  waters  of  lakes  and 
seas. 

Divisions  of  deltas  into  lacustrine^  mediterranean,  and  oceanic. — 
Deltas  may  be  divided  into,  first,  those  which  are  formed  in  lakes; 
secondly,  those  in  inland  seas  ;  and  thirdly,  those  on  the  borders  of  the 
ocean.  The  most  characteristic  distinction  between  the  lacustrine  and 
marine  deltas  consists  in  the  nature  of  the  organic  remains  which  t)ecome 
imbedded  in  their  deposits  ;  for,  in  the  case  of  a  lake,  it  is  obvious  that 
these  must  consist  exclusively  of  such  genera  of  animals  as  inhabit  the 
land  or  the  waters  of  a  river  or  lake :  whereas,  in  the  other  case,  there  will 
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b«  sn  admixtiire,  and  awst  rraqaeatly  s  pradominance  of  aoimala  which 
iabsbit  ■&](  wmur.  In  regard,  however,  to  the  diBtribution  of  inorganio 
■laucr,  the  depoeiti  of  lakes  and  inland  sea*  are  formed  under  rery  analo- 
goos  (uieumslances,  and  may  be  dietinguiebed  from  thoee  on  tbe  shore* 
of  the  gnU  ocean,  where  the  tides  eo-eperating  with  oanente  give  riee  ta 
another  clau  of  phmomena.  In  Imkea  i.nii  inland  seas,  even  of  the  largest 
dimensicms,  tbe  tides  are  almost  iwensible,  but  the  currents,  aa  will 
afterwards  appear,  sometimes  ran  with  coneiderable  velocity. 

DELTAS  IN  LAKES. 

Zake  if  Oentva, — It  is  natural  to  begin  our  examination  wiib  an 
inquiry  into  the  new  deposits  in  lakee,  as  they  exemplify  t))e  first  repro- 
dactiTB  operations  in  which  riven  arc  engaged  when  they  convey  iho 
detritus  of  rocks  and  the  ingredients  of  mineral  springs  from  mountainous 
regions.  The  accession  of  new  land  at  the  mouth  of  tbe  Rhone,  at  the  • 
upper  end  of  the  Lake  of  Geneva,  or  the  Leman  Lske,  presents  us  with 
KB  example  of  a  eonsiderable  thickneat  of  strain  which  have  accitmulated 
MBce  the  historical  era.  This  sheet  oT  w:iter  is  aliout  thirly-scven  miles 
long,  end  its  breadth  is  from  two  lo  eight  nulea.  The  shape  of  the  bot- 
tom is  very  irregular,  the  depth  having  been  fonnd,  bylale  nicaauremenls, 
lo  vary  from  90  to  160  fathoms.*  The  Rhone,  where  it  enlera  at  the 
upper  end,  is  turbid  and  discoloured;  but  its  waters,  where  il  issues  at 
the  town  of  Geneva,  are  beantifuUy  clear  and  transparent.  An  ancient 
town,  called  Port  VeUaie,  (Portiu  Valeeite  of  the  RoBans,}  once  iitaated 
tt  the  water's  edge,  at  tbe  upper  end,  is  now  more  than  t  mile  and  a  half 
this  intervening  alluvial  tract  having  been  acquired  in  about  eight 
The  remainder  of  the  delta  consists  of  a  flat  alluvial  plain, 
aboat  five  or  six  miles  in  length,  composed  of  sand  and  mad,  a  little  taiaed 
above  the  level  of  the  river,  and  full  of  marshee. 

Ur.  De  la  Beehe  found,  after  numerous  sounding  in  all  parts  of  the 
lake,  that  (here  was  a  pretty  uniform  depth  of  from  120  to  160  fathoms 
Ihroaghoni  the  central  region,  and,  on  approaching  the  delta,  the  shallow- 
ing of  the  bottom  began  to  be  very  sensible  at  a  distance  of  about  a  mile 
ud  three-quarters  from  the  month  of  the  Rhone ;  for  a  line  drawn  from 
St.  Oingoulph  to  Vcvey,  gives  a  mean  depth  of  somewhat  less  than 
800  feet,  and  from  that  part  to  the  Rhone,  the  fluviatile  mud  is  always 
foond  along  the  bottom.!  We  may  state,  therefore,  that  the  new  strata 
•aonally  produced  are  thrown  down  upon  a  slope  about  two  miles  in 
length:  so  that,  noth  withstanding  tbe  great  depth  of  the  lake,  tbe  new 
deposits  are  not  inclined  at  a  high  angle ;  the  dip  of  tbe  beds,  indeed,  is 

•  De  Is  Becfae,  Ed.  Phil.  Jonra.  vol.  u.  p.  107.    Jan.  IBBO. 
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>o  ilight,  that  they  would  b«  lermed,  in  onlinary  geologiul  lugtoge, 
horisonla). 

The  BlraiaprobablyconBiitofaltenulionf  of  finer  Bad  coarser  partidni 
fer,  during  the  hotter  moiilhe  from  April  to  Aognat,  when  the  anovi 
melt,  the  volume  and  velocity  of  the  river  are  gfreateet,  and  lai^  qoanii- 
tiea  (if  Band,  mud,  vegelable  matier,  and  drirt-wood  are  inlrodneed;  bal, 
during  ihe  rest  of  the  year,  ilie  influx  is  com  para  ti  rely  feeble,  so  much 
so,  ihil  Uio  whole  lake,  according  to  SauMure,  stands  six  feet  lower.  U, 
then,  we  ooold  oblaiif  a  section  of  the  accumulation  formed  in  the  lul 
eighl  cciiiuriea,  we  should  see  a  great  aeries  of  itrata,  probably  from  flOO 
to|>00  feel  ihirk,  (ilie  supposed  original  depth  of  the  head  of  ihe  lake,}  and 
noaHy  two  miles  in  length,  inclined  at  a  very  slight  angle.  In  the  meu 
time,  a  great  number  of  smaller  deltas  are  growing,  around  the  border*  of 
the  lake,  ai  ihe  moutlia  of  rnpid  torrents,  which  ponr  in  large  maesea  of 
sand  and  pebbleS.  The  budy  of  water  in  these  torrents  is  too  small  to 
enable  ihem  to-  ^pfead  out  the  transported  matier  over  so  exiensire  as 
area  u  the  Rhone  does.  Thus,  for  example,  there  is  a  depth  of  eighty 
fathoms  within  half  a  mUi  of  ihe  shore,  immediately  opposite  the  gnit 
torrent  which  enters  east  of  Ripdlle,  so  that  the  dip  of  the  strata  in  that 
minor  delta  must  be  about  four  limes  as  great  as  those  deposited  by  th> 
main  river  at  the  upper  nxtremiiy  of  the  lake.* 

Chronological  compuiatioru  of  the  age  of  delltu.—The  capacity  of  this 
basin  being  now  ascertained,  it  would  be  an  interesting  subject  of  inquiry 
to  determine  in  what  number  of  years  the  Leraan  Lake  will  be  converted 
into  dry  land.  It  would  not  be  very  difficult  to  obtain  the  elements  for 
such  a  calculation,  so  as  to  approximate  at  least  to  tlie  qusnUiy  of  time 
required  for  the  accomplishment  of  the  result.  The  number  of  cubic  feet 
of  water  annually  discharged  by  the  river  into  the  lake  being  estimated, 
experiments  might  be  made  in  the  winter  and  summer  months,  to  deter- 
mine the  proportion  of  matter  held  in  suspension  or  in  chemical  solution 
by  the  Rhone.  It  would  be  also  necessary  to  allow  for  the  heavier  mat- 
ter drifted  along  at  the  bottom,  which  might  be  estimated  on  hydn»ta- 
Ucal  principles,  when  the  average  size  of  the  gravel  and  the  volume  and 
velocity  of  the  stream  at  different  seasons  were  known.  Supposing  all 
these  observations  to  have  been  made,  it  would  be  more  easy  to  calculate 
the  future  than  the  former  progress  of  the  delta,  because  it  would  be  a 
laboiiouB  task  to  ascertain,  with  any  degree  of  precision,  the  original 
depth  and  extent  of  that  part  of  the  lake  which  is  already  tilled  up.  Even 
if  this  information  were  actually  obtained  by  borings,  it  would  only  enable 
us  to  approximate  within  a  certain  number  of  centuries  to.the  time  when 
the  Rhone  began  to  form  its  present  delta ;  but  this  would  not  give  us  the 
date  of  the  origin   of  the  Leman  I^ake  in  its  present  form,  because  the 
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river  may  have  flowed  into  it  for  thousands  of  years,  without  importing   \/ 
any  sediment  whatever.     Such  would  have  been  the  cast,  if  the  watevt .; 
had  first  passed  through  a  chain  of  upper  lakes ;  and  that  this  was  actuil||r  ^^  , 
the  fact,  is  indicated  by  the  course  of  the  Rhone  between  Marttgny  aaA 
the  Lake  of  Geneva,  and,  still  more  decidedly,  by  the  channels  of  many 
of  its  principal  feeders. 

If  we  ascend,  for  example,  the  valley  through  which  the  Dranse  flows, 
we  find  Uiat  it  consists  of  a  succession  of  basins,  oaa  above  the  other,  in 
each  of  which  there  is  a  wide  expanse  of  flat  allunal  lands*  separated 
from  the  next  basin  by  a  rocky  gorge,  once  evidently  the  barrier  of  a 
lake.  The  river  has  filled -these  lakes,  one  after  the  other,  and  has  par- 
tially cut  through  the  barriers,  which  it  is  still  gradually  eroding  to  a  \/^ 
greater  depth.  The  examination  of  almost  all  valleys  in  mountainous 
districts  affords  similar  proofs  of  the  obliteration  of  the  series  of  lakes,  by 
the  filling  up  of  hollows  and  the  cutting  through  of  rooky  barriers — a 
process  by  which  running  water  ever  labours  to  produie  %  more  uniform 
declivity.  Before,  therefore,  we  can  pretend  even  to  htmd  a  conjecture 
as  to  the  era  at  which  any  particular  delta  commeneedy  we  must  be  tho- 
roughly acquainted  with  the  geographical  featnret  and  geological  his- 
tory of  the  whole  system  of  higher  valleys  whieh  communicate  with  the 
main  stream,  aiid  all  the  changes  which  they  have  undergone  since  the 
last  series  of  conv^[si^s  which  agitated  and  altered  the  face  of  the 
country. 

The  probability,  therefore,  of  error  in  our  chronological  computations 
where  we  omit  to  pay  due  attention  to  these  circumstances,  increases  in 
proportion  to  the  time  that  may  have  elapsed  since  the  last  disturbance  of 
the  country  by  subterranean  movements,  ftud  in  proportion  to  the  extent 
of  Ihe  llydrographical  basin  on  which  we  may  happen  to  speculate. 
The  Alpine  rivers  of  Vallais  are  prevented  at  present  from  contributing 
their  sedimentary  contingent  to  the  lower  delta  of  the  Rhone  in  the  Medi- 
terranean, because  they  are  intercepted  by  the  Leman  Lake ;  but  when 
this  is  filled,  they  will  transport  as  much,  or  nearly  as  much,  matter  to 
the  sea,  as  they  now  pour  into  that  lake.  They  will  then  flow  through 
a  long,  flat,  alluvial  plain,  between  Villeneuve  and  Geneva,  from  two 
to  eight  miles  in  breadth,  which  will  present  no  superficial  marks  of 
the  existence  of  a  thickness  of  more  than  1000  feet  of  recent  sediment 
below.  Many  hundred  alluvial  tracts  of  equal,  and  some  of  much 
greater  area,  may  be  seen  if  we  follow  up  the  Rhone  from  its  termination 
in  the  Mediterranean,  or  explore  the  valleys  of  many  of  its  principal  tri- 
butaries. 

What,  then,  shall  we  think  of  the  presumption  of  De  Luc,  Kirwan, 
and   their  followers,  who  confidently  deduced  from  the  phenomena  of     ^ 
modern  deltas  the  recent  origin  of  the  present  form  of  our  continents,    v 
without  pretending  to  have  collected  any  one  of  the  numerous  data  by 
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which  80  complicated  a  problem  can  be  solved  t  Had  thej*  after  makiog 
all  the  necessary  investigations,  succeeded  in  proving,  aa  Ihey  desired, 
that  the  lower  delta  of  the  Rhone^  and  the  new  deposits  at  the  mouths  cf 
several  other  rivers,  whether  in  lakes  or  seas,  had  required  abovt 
4000  years  lo  attain  their  present  dimensions,  the  eoaeluaioii  wodd 
have  been  fatal  to  the  chronological  theories  which  they  were  anxioos  Is 
confirm. 

Lake  Superiar.'^hAe  Superior  is  the  largest  body  of  fresh  water  ia 
the  world,  being  about  1500  geographical  miles  in  circomference  when 
we  follow  the  sinuosities  of  its  coasts,  and  Its  length,  on  a  curved  lias 
drawn  through  its  centre,  being  about  360,  and  its  extreme  breadth  140 
geographical  miles.  Its  average  depth  varies  from  80  to  150  £ithoaif ; 
but,  according  to  Captain  Bayfield,  there  is  reason  to  think  that  its 
greatest  depth  would  not  be  overrated  at  200  fathoms,*  so  that  Its  bottosi 
is,  in  some  parts,  nearly  600  feet  below  the  level  of  the  Atlantic,  its  sn^ 
face  about  as  much  above  it.  There  are  appearances  in  dififeieDt  parts 
of  this,  as  of  the  other  Canadian  lakes,  leading  us  to  infer  that  its  waters 
formerly  occupied  a  much  higher  level  than  they  reach  at  present ;  for  at 
a  considerable  distance  from  the  present  shores,  parallel  lines  of  rolled 
stones  and  shells  are  seen  rising  one  above  the  other,  like  the  aeata  of  aa 
amphitheatre.  These  ancient  lines  of  shingle  are  exactly  similar  lo  the 
present  beaches  in  most  bays,  and  they  often  attain  an  elevation  of  fort^ 
or  fifty  feet  above  the  present  level. 

As  the  heaviest  gales  of  wind  do  not  raise  the  waters  more  than  three 
or  four  feeUt  the  elevated  beaches  must  either  be  referred  to  the  subsi- 
dence of  the  lake  at  former  periods,  in  consequence  of  the  wearing  down 
of  its  barrier,  or  to  the  upraising  of  the  shores  by  earthquakes,  like  those 
which  have  produced  similar  phenomena  on  the  coast  of  Chili.  The 
streams  which  discharge  their  waters  into  Lake  Superior  are  several 
hundred  in  number,  without  reckoning  those  of  smaller  size ;  and  the 
quantity  of  water  supplied  by  them  is  many  times  greater  than  that  dis- 
charged at  the  Falls  of  St.  Mary,  the  only  outlet.  The  evaporation, 
therefore,  is  very  great,  and  such  as  might  be  expected  from  so  vast  an 
extent  of  surface. 

On  the  northern  side,  which  is  encircled  by  primary  mouotaina,  the 
rivers  sweep  in  many  large  boulders,  with  smaller  gravel  and  sand,  chiefly 
composed  of  granitic  and  trap  rocks.  There  are  also  currents  in  the  lake,  in 
various  directions,  caused  by  the  continued  prevalence  of  strong  winds, 

*  Trans,  of  Lit.  and  Hist.  Soc.  of  Quebec,  vol.  i.  p.  5.    1829. 

t  Captain  Bayfield  remarks,  that  Dr.  Bigsby,  to  whom  we  are  indebted  for  several 
communications  respecting  the  geology  of  the  Canadian  lakes,  was  misinfonned  by 
the  fur  traders  in  regard  to  the  extraordinary  height  (twenty  or  thirty  feet)  lo  which 
he  asserts  that  the  autumnal  gales  will  raise  the  vrater  of  Lake  Superior. — ^Tians.  of 
Lit.  and  Hist  Soc.  of  Quebec,  yol.  i.  p.  7.    1829. 
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nd  to  their  influence  we  may  attribute  the  d|fii)8iofi  of  finer  nuid  far  and 
ride  over  great  areas  ;  for,  by  numerous  soupdings  ipade  durinjo;  the  lat9 
arvey t  it  was  ascertained  that  the  bottom  consists  generally  pf  a  very 
idhesive  clay*  containing  shells  of  the  species  at  present  exi^tii^g  ii^  the 
ake.  When  exposed  to  the  air,  this  (day  immediately  becomes  indurated 
a  so  great  a  degree,  as  to  require  a  smart  blow  to  break  it.  It  effer- 
vesces slightly  with  diluted  nitric  acid,  and  is  of  different  colours  in  dif- 
isrent  parts  of  the  lake ;  in  one  district  blue,  in  another  red,  and  in  a 
hird  white,  hardening  into  a  substance  resembling  pipe-clay.*  Froiff 
bese  statements,  the  geologist  will  not  fail  to  remark  how  closely  thes^ 
eceut  lacustrine  formations  in  America  resemble  the  tertiary  argillaceous 
ind  calcareous  marls  of  lacustrine  origin  in  Central  France.  In  both 
rsmea^  many  of  the  genera  of  shells  most  abundant,  as  Lymqea  and  Plan- 
»rbis,  are  the  same  ;  and  ii\  regard  to  other  classes  of  organic  remainsi 
here  must  be  the  closest  analogy,  as  I  shall  endeavour  more  fully  to 
xplain  when  speaking  of  the  imbedding  of  plants  and  aniQials  in  receni 
leposits. 
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Baltic — Having  thus  briefly  considered  some  of  the  lacustrine  deltas 
low  in  progress,  we  may  next  turn  our  attention  to  those  of  inland  seas. 

The  shallowing  and  conversion  into  land  of  many  parts  of  the  Baltic, 
specially  the  Gulfs  of  Bothnia  and  Finland,  have  been  demonstrated  by 
I  series  of  accurate  observations,  for  which  we  are  in  a  great  measure 
ndebted  to  the  animated  controversy  which  has  been  kept  up,  since  the 
diddle  of  the  last  century,  concerning  the  gradual  lowering  of  the  level  of 
he  Baltic.  I  shall  revert  to  this  subject  when  treating  of  the  slow  and 
Dsensible  upheaving  of  the  l^ind  in  certain  parts  of  Sweden,  a  movement 
rhich  produces  an  apparent  fall  in  the  level  of  the  waters,  both  of  the 
Baltic  and  the  ocean.t  It  is  only  necessary  to  state  in  this  place,  that  the 
apid  gain  of  low  tracts  of  land  near  Torneo,  Piteo  and  Luleo,  near  the 
lead  of  the  Gulf  of  Bothnia,  are  due  to  the  joint  operation  of  two  causes — 
he  influx  of  sediment  from  numerous  rivers,  and  a  slow  and  general 
pward  movement  of  the  land  itself,  and  bed  of  the  sea,  at  the  rate  of 
everal  feet  in  a  century. 

Delta  of  the  Rhone. — We  may  now  turn  our  attention  to  some  of  the 
rincipal  deltas  of  the  Mediterranean,  for  no  other  inland  sea  affords  so 
lany  examples  of  acc^essions  of  new  lands  at  the  mouths  of  rivers  within 

*  Trans,  of  Lit.  and  Hist.  Soc.  of  Quebec,  vol.  i.  p.  5.    1829. 

t  Since  writing  the  third  edition,  I  have  visited  Sweden,  and  removed  the  doubts 
rhich  I  before  entertained  and  expressed  respecting  the  alleged  gradual  elevation  of 
be  land  in  Scandinavia. — See  Book  ii.  chap.  xvii. 
Vol.  I.— 2  C 
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the  records  of  authentic  history.  The  lacustrine  delta  of  the  Khone  in 
Switzerland  has  already  heen  considered,  and  its  contemporaneont 
marine  delta  may  now  be  described.  Scarcely  has  the  river  passed  oot 
of  the  Lake  of  Geneva,  before  its  pure  waters  are  again  filled  with  stnd 
and  sediment  by  the  impetuous  Arve,  descending  from  the  highest  Alpi, 
and  bearing  along  in  its  current  the  granitic  detritus  annually  brougbt 
down  by  the  glaciers  of  Mont  Blanc.  The  Rhone  aAerwards  receifsi 
vast  contributions  of  transported  matter  from  the  Alps  of  Dauphiny,  sod 
the  primary  and  volcanic  mountains  of  Central  France ;  and  when  at 
length  it  enters  the  Mediterranean,  it  discolours  the  blue  waters  of  thtt 
sea  with  a  whitish  sediment,  for  the  distance  of  between  six  and  se?en 
miles,  throughout  which  space  the  current  of  fresh  water  is  perceptible. 

Proofs  of  its  increase  since  historiccU  periods.-^^irsho'B  description  of 
the  delta  is  so  inapplicable  to  its  present  configuration,  as  to  attest  a  com- 
plete alteration  in  the  physical  features  of  the  country  since  the  Augustsn 
age.  It  appears,  however,  that  the  head  of  the  delta,  or  the  point  tt 
which  it  begins  to  ramify,  has  remained'  unaltered  since  the  time  of 
Pliny,  for  he  states  that  the  Rhone  divided  itself  at  Aries  into  two  amii. 
This  is  the  case  at  present ;  one  of  the  branches  being  now  called  Le 
Petit  Rhdne,  which  is  again  subdivided  before  entering  the  Meditem- 
nean.  The  advance  of  the  base  of  the  delta,  in  the  last  eighteen  cento- 
ries,  is  demonstrated  by  many  curious  antiquarian  monuments.  Th9  most 
strii&ing  of  these  is  the  great  detour  made  by  the  old  Roman  road  fcon 
Ugernum  to  Beziers  (part  of  the  high  road  between  Aix,  Jiqum  ^lezftff, 
and  Nismes,  Nemausus.)  It  is  clear  that,  when  this  was  first  constructed, 
it  was  impossible  to  pass  in  a  direct  line  as  now,  across  the  delta,  and 
that  either  the  sea  or  marshes  intervened  in  a  tract  now  consisting  of 
terra  firma.*  Astruc  also  remarks,  that  all  the  places  on  low  lands,  lying 
to  the  north  of  the  old  Roman  road  between  Nismes  and  Beziers,  have 
names  of  Celtic  origin,  evidently  given  to  them  by  the  first  inhabitants  of 
the  country  ;  whereas,  the  places  lying  south  of  that  road,  towards  the 
sea,  have  names  of  Latin  derivation,  and  were  clearly  founded  afief  the 
Roman  language  had  been  introduced. 

Another  proof,  also,  of  the  great  extent  of  land  which  has  come  into 
existence  since  the  Romans  conquered  and  colonized  Gaul,  is  derived 
from  the  fact,  that  the  Roman  writers  never  mention  the  thermal  waters 
of  Balaruc  in  the  delta,  although  they  were  well  acquainted  with  those  of 
Aix,  and  others  still  more  distant,  and  attached  great  importance  to  them, 
as  they  invariably  did  to  all  hot  springs.  The  waters  of  Balaruc,  there- 
fore, must  have  formerly  issued  under  the  sea — a  common  phenomenon 
on  the  borders  of  the  Mediterranean ;  and  on  the  advance  of  the  delta 
they  continued  to  flow  out  through  the  new  deposits. 

•  M^m.  d'Aitruc,  cited  by  Von  Hoff,  vol.  i.  p.  298. 
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Among  the  more  direct  proofs  of  the  increase  of  land*  we  find  that 
Mese*  deecribed  under  the  appellation  of  Meaua  Collis  by  Pomponiua 
Mela**  and  stated  by  him  to  be  nearly  an  island,  is  now  far  inland.  Notre 
Dame  des  Ports,  also,  was  a  harbour  in  898,  but  is  now  a  league  from 
the  shore.  Psalmodi  was  an  island  in  816,  and  is  now  two  leagues  from  xf^ 
the  sea.  Several  old  lines  of  towers  and  sea-marks  occur  at  difierent  dis- 
tances from  the  present  coast,  all  indicating  the  successive  retreat  of  the 
sea,  for  each  line  has  in  its  turn  become  useless  to  mariners ;  which  may 
well  be  conceived,  when  we  state  that  the  tower  of  Tignaux,  erected  on 
the  shore  so  late  as  the  year  1737,  is  already  a  French  mile  remote 
from  iut 

By  the  confluence  of  the  Rhone  and  the  currents  of  the  Mediterranean, 
driven  by  winds  from  the  south,  sand-bars  are  often  formed  across  the 
mouths  of  the  river :  by  these  means  considerable  spaces  become  divided 
off  from  the  sea,  and  subsequently  from  the  river  also,  when  it  shifts  its 
channels  of  efflux.  As  some  of  these  lagoons  are  subject  to  the  occa« 
sional  ingress  of  the  river  when  flooded,  and  of  the  sea  during  storms, 
they  are  alternately  salt  and  fresh.  Others,  after  being  filled  with  salt 
water,  are  often  lowered  by  evaporation  till  they  beeome  more  salt  than 
the  sea ;  and  it  has  happened  occasionally,  that  a  considerable  precipitate 
of  muriate  of  soda  has  taken  place  in  these  natural  salterns*  During  the 
latter  part  of  Napoleon's  career,  when  the  excise  laws  were  enforced  i 
with  extreme  rigour,  the  police  was  employed  to  prevent  such  salt  from  / 
being  used.  The  fluviatile  and  marine  shells  enclosed  in  these  small 
lakes  often  live  together  in  brackish  water ;  but  the  uncongenial  nature  of 
the  fluid  usually  produces  a  dwarfish  size,  and  sometimes  gives  rise  to 
strange  varieties  in  form  and  colour. 

Captain  Smyth,  in  the  late  survey  of  the  coast  of  the  Mediterranean, 
found  the  sea,  opposite  the  mouth  of  the  Rhone,  to  deepen  gradually 
from  four  to  forty  fathoms,  within  a  (distance  of  six  or  seven  miles,  over 
which  the  discoloured  fresh  water  extends  ;  so  that  the  inclination  of  the 
new  deposits  must  be  too  slight  to  be  appreciable  in  such  an  extent  of 
section  as  a  geologist  usually  obtains  in  examining  ancient  formations. 
When  the  wind  blew  from  the  south-west,  the  ships  employed  in  the 
siirvey  were  obliged  to  quit  their  moorings ;  and  when  they  returned,  / 
the  new  sand-banks  in  the  delta  were  found  covered  over  with  a  great 
abundance  of  marine  shells.  By  this  means,  we  learn  how  occasional 
beds  of  drifted  marine  shells  may  become  interstratified  with  fresh-water 
strata  at  a  river's  mouth. 

Si(my  nalure  of  its  depoaiis, — ^That  a  great  proportion,  at  least,  of  the 
new  deposit  in  the  delta  of  the  Rhone,  consists  of  rock^  and  not  of  loose 

•  Lib.  II.  c.  V. 

4  Boaebe,  Chorographie  et  Hiit.  de  Provence,  vol.  i.  p.  93,  dted  by  Von  Hoff, 
▼ol.  i.  p  990. 
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liieohlstiSiit  matler,  id  perfectly  stscettained.  In  the  Maseum  at  MoDt- 
|)elliei'  Is  si  cftnnou  tak^n  up  from  the  86a  near  the  mouth  of  the  rirer, 
ihibedded  \ii  a  crybtallitie  caleareous  rock.  Large  massesy  also,  are  eon- 
ithtially  takeh  up  of  &n  arenaceous  rockf  cemented  by  calcareous  matter, 
iHcluding  multitudes  of  broken  shells  of  recent  species.  The  obsenratlons 
lately  made  on  this  subject  corroborate  the  former  statement  of  Marsilli, 
that  the  catthy  deposits  of  the  coast  of  Languedoc  form  a  stony  subetance, 
for  which  reason  he  ascribed  a  certain  bituminous,  saline,  and  glutinous 
nature  to  the  Substances  brought  down  with  sand  by  the  Rhone.*  If  the 
number  of  mineral  springs  charged  with  carbonate  of  lime  which.fall  into 
the  Rhone  and  its  feeders  in  different  parts  of  France  be  considered,  we 
Shall  feel  no  Surprise  at  the  lapidification  of  the  dewly  deposited  sedimeat 
in  this  delta.  It  should  be  remembered,  that  the  fresh  water  introduced 
by  rivers,  being  lighter  than  the  water  of  the  sea,  floats  over  the  latter, 
and  remains  upon  the  surface  for  a  considerable  distance.  Conseqnently, 
it  is  exposed  to  as  much  evaporation  as  the  waters  of  a  lake ;  and  the 
area  over  which  the  river  water  is  spread,  at  the  junction  of  great  riven 
and  the  sea,  may  well  be  compared,  in  point  of  extent,  to  that  of  oonskie^ 
able  lakes. 

Now,  it  is  well  known,  that  so  great  is  the  quantity  of  water  caniedoff 
by  evaporation  in  some  lakes,  that  it  is  nearly  equal  to  the  water  flowing 
in ;  and  in  some  inland  seas,  as  the  Caspian,  it  is  quite  equal.  We  maj, 
therefore,  well  suppose,  that,  in  cases  where  a  strong  current  does  not 
interfere,  the  greater  portion  not  only  of  the  matter  held  mechanically  in 
suspension,  but  of  that  also  which  is  in  chemical  solution,  may  be  pie- 
cipitated  at  no  great  distance  from  the  shore.  When  these  finer  in- 
gredients are  extremely  small  in  quantity,  they  may  only  suffice  to  sup- 
ply crustaceous  animals,  corals,  and  marine  plants,  with  the  earthy  parti- 
cles necessary  for  their  secretions ;  but  whenever  it  is  in  excess  (ts 
generally  happens  if  the  basin  of  a  river  lie  partly  in  a  district  of  active  or 
extinct  volcanos),  then  will  solid  deposits  be  formed,  and  the  shells  will 
at  once  be  included  in  a  rocky  mass. 

Delia  of  the  Po. — The  Adriatic  presents  a  great  combination  of  cir- 
cumstances favourable  to  the  rapid  formation  of  deltas — a  gulf  receding 
far  into  the  land — a  sea  without  tides  or  strong  currents,  and  the  influx 
of  two  great  rivers,  the  Po  and  the  Adige,  besides  numerous  minor  streams, 
draining  on  the  one  side  a  great  crescent  of  the  Alps,  and  on  the  other  some 
of  the  loftiest  ridges  of  the  Apennines.  From  the  northernmost  point  of 
the  Gulf  of  Trieste,  where  the  Isonzo  enters,  down  to  the  south  of  Ra- 
venna, there  is  an  uninterrupted  series  of  recent  accessions  of  land,  more 
than  one  hundred  miles  in  length,  which,  within  the  last  2000  years, 
have  'increased  from  two  to  twenty  miles  in  breadth.  The  Isonzo, 
Tagliamento,  Piave,  Brenta,  Adige,  and  Po,  besides  many  other  inferior 

*  HiBt.  Phyi.  de  la  Mer. 
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riTers,  contribute  to  the  advance  of  the  coaat-line,  and  to  the  shallowing 
of  the  gulf.  The  Po  and  the  Adige  may  now  be  considered  as  entering 
by  one  common  delta,  for  two  branches  of  the  Adige  are  connected  with 
mrms  of  the  Po. 

In  consequence  of  the  great  concentration  of  the  flooded  waters  of  these 
streams  since  the  system  of  embankment  became  general,  the  rate  of  en- 
croachment of  the  new  land  upon  the  Adriatic,  especially  at  that  point 
where  the  Po  and  Adige  enter,  is  said  to  have  been  greatly  accelerated. 
Adria  was  a  seaport  in  the  time  of  Augustus,  and  had,  in  ancient  times, 
given  its  name  to  the  gulf ;  it  is  now  about  twenty  Italian  miles  inland.  \/ 
Ravenna  was  also  a  seaport,  and  it  is  now  about  four  Italian  miles  from 
the  main  sea.  Tet  even  before  the  practice  of  embankment  was  intro- 
duced, the  alluvium  of  the  Po  advanced  with  rapidity  on  the  Adriatic  ; 
for  Spina,  a  very  ancient  city,  originally  built  in  the  district  of  Ravenna, 
at  the  mouth  of  a  great  arm  of  the  Po,  was,  so  eariy  as  the  commence- 
ment of  our  era,  eleven  Italian  miles  distant  from  the  sea.* 

The  greatest  depth  of  the  Adriatic,  between  Dalmatia  and  the  mouths 
of  the  Po,  is  twenty-two  fathoms  ;  but  a  large  pan  of  the  Gulf  of  Trieste 
and  the  Adriatic,  opposite  Venice,  is  less  than  twelve  fathoms  deep. 
FkrtheY  to  the  south,  where  it  is  less  affected  by  the  influx  of  great  rivers, 
the  gulf  deepens  considerably.  Donati,  after  dredging  the  bottom,  dis- 
covered the  new  deposits  to  consist  partly  of  mud  and  partly  of  rock,  the 
roek  being  formed  of  calcareous  matter,  incrusting  shells.  He  also  as- 
tertained,  that  particular  species  of  testacea  were  grouped  together  in  , 
certain  places,  and  were  becoming  slowly  incorporated  with  the  mud,  \j 
or  calcareous  precipitates.!  Olivi,  also,  found  some  deposits  of  sand, 
ftnd  others  of  mud,  extending  half  way  across  the  gulf ;  and  he  states  that 
their  distribution  along  the  bottom  was  evidently  determined  by  the  pre- 
▼ailing  current.}  It  is  probable  therefore,  that  the  finer  sediment  of  all 
the  rivers  at  the  head  of  the  Adriatic  may  be  intermingled  by  the  influence 
of  the  current;  and  all  the  central  parts  of  the  gulf  may  be  considered  as 
Blowly  filling  up  with  horizontal  deposits,  similar  to  those  of  the  Suba- 
pennine  hills,  and  containing  many  of  the  same  species  of  shells.  The 
Po  merely  introduces  at  present  fine  sand  and  mud ;  for  it  carries  no 
pebble  farther  than  the  spot  where  it  joins  the  Trebia,  west  of  Piacenza. 
Near  the  northern  borders  of  the  basin,  the  Isonzo,  Tagliamento,  and 
many  other  streams,  are  forming  immense  beds  of  sand  and  some  con- 
glomerate ;  for  here  some  high  mountains  of  Alpine  limestone  approach 
within  a  few  miles  of  the  sea. 

In  the  time  of  the  Romans,  the  hot-baths  of  Monfalcone  were  on  one 


*  See  Broechi  on  the  various  writers  on  this  subject.    Conch.  Foss.  Subap.,  vol. 
i.  p.  118. 

t  See  Broechi,  vol.  i.  p.  39.  X  Ibid.  vol.  ii.  p.  94. 
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of  several  isliDds  of  Alpine  limestone,  between  which  and  the  miiiiiinilt 
on  the  north,  was  a  channel  of  the  sea,  about  a  mile  broad.  This  ehasnd 
is  now  converted  into  a  grassy  plain,  which  surrounds  the  islands  on  til 
sides.  Among  the  numerous  changes  on  this  coast,  we  find  that  the  pis- 
sent  channel  of  the  Isonzo  is  several  miles  to  the  west  of  its  ancient  bad, 
in  part  of  which,  at  Ronchi,  the  old  Roman  bridge  which  crossed  the  Tb 
Appia  was  lately  found  buried  in  fluviatile  silt. 

Notwithstanding  the  present  shallowness  of  the  Adriatic,  it  is  highly 
probable  that  its  original  depth  was  very  great ;  for  if  all  the  low  allavial 
tracts  were  taken  away  from  its  bordera  and  replaced  by  sea,  the  high 
land  would  terminate  in  tliat  abrupt  manner  which  generally  indicates,  in 
the  Mediterranean,  a  great  depth  of  water  near  the  shore,  except  in  those 
spots  where  sediment  imported  by  rivera  and  currents  has  diminished  the 
depth.  Many  parts  of  the  Mediterranean  are  now  ascertained  to  be 
above  2000  feet  deep,  close  to  the  shore,  as  between  Nice  and  Genoa; 
and  even  sometimes  6000  feet,  as  near  Gibraltar.  When,  therefora,  we 
find,  near  Parma,  and  in  other  districts  in  the  interior  of  the  Italian  pen- 
insula, beds  of  horizontal  tertiary  marl  attaining  a  thickness  of  aboot  2000 
feet,  or  when  we  discover  strata  of  inclined  conglomerate,  of  the  same  age, 
near  Nice,  measuring  above  1000  feet  in  thickness,  and  extending  sevea 
or  eight  miles  in  length,  we  behold  nothing  which  the  analogy  of  the 
deltas  in  the  Adriatic  might  not  lead  us  to  anticipate. 

Delta  of  the  M7e.— That  Egypt  was  ^nhe  gift  of  the  Nile,'*  was  the 
opinion  of  her  priests  before  the  time  of  Herodotus ;  but  we  have  no 
authentic  memorials  for  determining,  with  accuracy,  the  dates  of  success- 
ive additions  made  to  the  habitable  surface  of  that  country.  The  con- 
figuration and  composition  of  the  low  lands  leave  no  room  for  doubt, 
says  Rennell,  that  *'  the  sea  once  washed  the  base  of  the  rocks  on  which 
^  ^  the  pyramids  of  Memphis  stand,  the  present  base  of  which  is  washed  by 
'^  the  inundation  of  the  Nile,  at  an  elevation  of  seventy  or  eighty  feet  above 
the  Mediterranean.  But  when  we  attempt  to  carry  back  our  ideas  to  the 
remote  period  when  the  foundation  of  the  delta  was  firet  laid,  we  ara  lost 
in  the  contemplation  of  so  vast  an  interval  of  time.*'*  We  know  that  the 
base  of  the  delta  has  been  considerably  modified  since  the  days  of  Homer. 
The  ancient  geographera  mention  seven  principal  mouths  of  the  Nile,  of 
which  the  most  eastern,  the  Pelusian,  has  been  entirely  silted  up,  and 
the  Mendesian,  or  Tanitic,  has  disappeared.  The  Phatnitic  mouth,  and 
the  Sebenitic,  have  been  so  altered,  that  the  country  immediately  about 
them  has  little  resemblance  to  that  described  by  the  ancients.  The  Bol- 
bitine  mouth  has  increased  in  its  dimensions,  so  as  to  cause  Uie  city  of 
Rosetta  to  be  at  some  distance  from  the  sea. 

The  alterations  produced  around  the  Canopic  mouth  arc  also  important. 
The  city  Foah,  which,  so  late  as  the  beginning  of  the  fifteenth  century, 

•  G«og.  Sjrrt.  of  Herod,  vol.  ii.  p.  107. 
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ras  on  this  emboachare,  is  now  more  than  a  mile  inland.  Canopos, 
vhich*  in  the  time  of  Scylax,  was  a  desolate  insular  rock,  has  been  con- 
leeted  with  the  firm  land ;  and  Pharos,  an  island  in  times  of  old,  now 
lelongs  to  the  continent.  Homer  says,  its  distance  from  Egypt  was  one 
lays  voyage  by  sea.*  That  this  should  have  been  the  case  in  Homer's 
LimCt  Larcher  and  others  have,  with  reason,  affirmed  to  be  in  the  highest  ^^ 
legtee  improbable :  but  Strabo  has  judiciously  anticipated  their  objec- 
tioDS,  observing,  that  Homer  was  probably  acquainted  with  the  gradual 
idvanee  of  the  land  on  this  coast,  and  availed  himself  of  this  phenomenon 
to  give  an  air  of  higher  antiquity  to  the  remote  period  in  which  he  laid 
the  scene  of  his  poem.t  The  lake  Mareotis,  also,  together  with  the 
Banal  which  connected  it  with  the  Canopic  arm  of  the  Nile,  has  been 
filled  with  mud,  and  is  become  dry.  Herodotus  observes,  "that  the 
Boantry  round  Memphis  seemed  formerly  to  have  been  an  arm  of  the 
wm  gradually  filled  by  the  Nile,  in  the  same  manner  as  the  Meander, 
Aeheloos,  and  other  streams,  had  formed  deltas.  Egypt,  therefore,  he 
lays,  like  the  Red  Sea,  was  once  a  long  narrow  bay,  and  both  gulfs  were 
separated  by  a  small  neck  of  land.  If  the  Nile,  he  adds,  should  by  any 
means  have  an  issue  into  the  Arabian  Gulf,  it  might  choke  it  up  with 
earth  in  20,000,  or  even,  perhaps,  in  10,000  years ;  and  why  may  not 
the  Nile  have  filled  with  mud  a  still  greater  gulf  in  the  space  of  time 
which  has  passed  before  our  age  ?**( 

Mud  of  the  NUe, — The  analysis  of  the  mud  of  the  Nile  gives  nearly 
ma-half  of  argillaceous  earth,  and  about  one-fourth  of  carbonate  of  lime, 
nearly  one-tenth  of  carbon,  the  remainder  consisting  of  water,  silez,  oxide 
of  iron,  and  carbonate  of  magnesia.§ 

The  depth  of  the  Mediterranean  is  about  twelve  fathoms  at  a  small 
distance  from  the  shore  of  the  delta ;  it  afterwards  increases  gradually  to 
fifty,  and  then  suddenly  descends  to  380  fathoms,  which  is,  perhaps,  the 
original  depth  of  the  sea  where  it  has  not  been  rendered  shallower  by 
floviatile  matter.  The  progress  of  the  delta  in  the  last  2000  years 
affords,  perhaps,  no  measure  for  estimating  its  rate  of  growth  when  it 
was  an  inland  bay,  and  had  not  yet  protruded  itself  beyond  the  coast^iine 
of  the  Mediterranean.  A  powerful  current  now  sweeps  along  the  shores 
of  Africa,  from  the  Straits  of  Gibraltar  to  the  prominent  convexity  of 
Egypt,  the  western  side  of  which  is  continually  the  prey  of  the  waves  ; 
so  that  not  only  are  fresh  accessions  of  land  checked,  but  ancient  parts  of 
the  delta  are  carried  away.  By  this  cause  Canopus  and  some  other 
towns  have  been  overwhelmed ;  but  to  this  subject  I  shall  again  refer 
when  speaking  of  tides  and  currents. 

*  Odjs.,  book  iv.  y.  3S5. 

f  Lib.  1,  Part  i.  pp.  80.  96.    Consult  Von  Hoff,  toI.  i.  p.  244. 
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• 

The  remaining  class  of  deltas  are  those  in  which  ri7en«  on  enterinf  the 
sea,  are  exposed  to  the  inflaence  of  the  tides.  In  this  case  it  (ireqiiendj 
happens  that  an  estuary  is  produced,  or  negative  delta,  as  Rennell  termed 
it,  where,  instead  of  any  encroachment  of  the  land  upon  the  sea^  the 
ocean  enters  the  river's  mouth,  and  penetrates  into  the  land  beyond  the 
general  coastline.  Where  this  happens,  the  tides  and  currents  are  lbs 
predominating  agents  in  the  distribution  of  transported  sediment.  The 
phenomena,  therefore,  of  such  estuaries,  will  be  treated  of  when  the 
movements  of  the  ocean  come  under  consideration*  But  whenever  the 
volume  of  fresh  water  is  so  great  as  to  counteract  and  almost  neotraliie 
the  force  of  tides  and  currents,  and  in  all  cases  where  these  agents  hafs 
not  sufficient  power  to  remove  to  a  distance  the  whole  of  the  sediment 
periodically  brought  down  by  rivers,  oceanic  deltas  are  produced.  Of 
these,  I  shall  now  select  a  few  illustrative  examples. 

Delta  of  the  Ganges. — The  Ganges  and  the  Burrampooter  descend, 
from  the  highest  mountains  in  the  world,  into  a  gulf  which  runs  226 
miles  into  the  continent.  The  Burrampooter  is  somewhat  the  larger 
river  of  the  two ;  but  it  first  takes  the  name  of  the  Megna  when  joined  by 
a  smaller  stream  so  called,  and  afterwards  loses  this  second  name  on  its 
union  with  the  Ganges,  at  the  distance  of  about  forty  miles  from  the  sea. 
The  area  of  the  delta  of  the  Ganges  (without  including  that  of  the  Bur^ 
rampooter,  which  has  now  become  conterminous)  is  considerably  more 
than  double  that  of  the  Nile;  and  its  head  commences  at  a  distance 
of  220  miles,  in  a  direct  line  from  the  sea.  Its  base  is  200  miles  in 
length,  including  the  space  occupied  by  the  two  great  arms  of  the  Ganges 
which  bound  it  on  either  side.  The  part  of  the  delta  which  borders  on 
the  sea  '\6  composed  of  a  labyrinth  of  rivers  and  creeks,  all  filled  with  salt 
water,  except  those  immediately  communicating  with  the  principal  arm  of 
the  Ganges.     This  tract  alone,  known  by  the  name  of  the  Woods,  or 


Cb.  v.]  ©IBLTA  OF  THE 

Sanderbonds,  i  wilderness  infested  by  tigers  and  alligstotto,  i#i  iteedtAtt^ 
to  Rennelly  equal  in  ettent  to  tlie  whole  principality  of  Wales.* 

On  the  sea-coast  there  are  eight  great  openings,  each  vf  which  hM 
evidently,  at  some  ancient  period,  served  in  its  turn  as  the  principal  chan* 
nel  of  discharge.  Although  the  flux  and  reflux  of  the  tide  extend  ^vett 
to  the  head  of  the  delta  when  the  river  is  low,  yet,  when  it  is  periodical* 
ly  swollen  by  tropical  rains,  the  velocity  of  the  stream  counteracts  the 
tidal  cnrrent,  so  that,  except  very  near  the  sea,  the  ebb  and  flow  beeom^ 
insensible.  During  the  flood  season,  therefore,  the  Ganges  almost  as« 
snmes  the  character  of  a  river  entering  a  lake  or  inland  sea ;  the  move* 
ments  of  the  ocean  being  then  subordinate  to  the  force  of  the  river,  and 
only  slightly  disturbing  its  operations.  The  great  gain  of  the  delta  in 
height  and  area  takes  place  during  the  inundations ;  and,  during  other 
seasons  of  the  year,  the  ocean  makes  reprisals,  scouring  out  the  channels, 
and  sometimes  devouring  rich  alluvial  plains. 

So  great  is  the  quantity  of  mud  and  sand  poured  by  the  Ganges  into 
the  gulf  in  the  flood  season,  that  the  sea  only  recovers  its  transparency 
at  the  distance  of  sixty  miles  from  the  coast  The  general  slope,  there* 
fore,  of  the  new  strata  must  be  extremely  gradual.  .By  the  charts  re- 
cently published,  it  appears  that  there  is  a  gradual  deepening  from  four 
to  about  sixty  fathoms,  as  we  proceed  (torn  the  base  of  the  delta  to  the 
distance  of  about  one  hundred  miles  into  the  Bay  of  Bengal.  At  some 
few  points  seventy,  or  even  one  hundred,  fathoms  are  obtained  at  that 
distance* 

One  remarkable  exception,  however,  occurs  to  the  regularity  of  the 
shape  of  the  bottom ;  for,  opposite  the  middle  of  the  delta,  at  the  die* 
tmnce  of  thirty  or  forty  miles  from  the  coast,  is  a  nearly  circular  space 
called  the  **  swatch  of  no  ground,*'  about  fifteen  miles  in  diameter,  where 
soundings  of  100,  and  even  180,  fathoms  fail  to  reach  tlie  bottom.  This 
phenomenon  is  the  more  extraordinary,  since  the  depression  occurs  within 
five  miles  of  the  line  of  shoals  ;  and  not  only  do  the  waters  charged  with 
Gangetic  sediment  pass  over  it  continually ;  but,  during  the  monsoons, 
the  sea,  loaded  with  mud  and  sand,  is  beaten  back  in  that  direction  to* 
wards  the  delta.  As  the  mud  is  known  to  extend  for  eighty  miles  farther 
into  the  gulf,  we  may  be  assured  that,  in  the  course  of  ages,  the  accumu* 
lation  of  strata  in  **  the  swatch"  has  been  of  enormous  thickness ;  and  we 
seem  entitled  to  deduce,  from  the  present  depth  at  the  spot,  that  the  Ori* 
ginal  inequalities  of  the  bottom  of  the  Bay  of  Bengal  were  on  a  grand 
scale,  and  comparable  to  those  of  the  main  ocean. 

Opposite  the  mouth  of  the  Hoogly  river,  and  immediately  south  of  Sangor 
Island,  four  miles  from  tlie  nearest  land  of  the  delta,  a  new  islet  was 


*  Aoeomnt  at  th«  Oanget  and  Biirram|MM>ter  lUveri,  by  Migte  ResaeU,  Phil. 
Timiis.1781. 
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formed  about  twenty  yean  ago,  called  Edmonstone  Island*  on  the  centre 
of  which  a  beacon  was  erected  as  a  land-mark  in  1817*  In  1818  the 
island  had  become  two  miles  long  and  half  a  mile  broad,  and  was  covered 
with  vegetation  and  shrubs.  Some  houses  were  then  built  upon  it,  tod 
in  1820  it  was  used  as  a  pilot  station.  The  severe  gale  of  1828  divided 
it  into  two  parts,  and  so  reduced  its  size  as  to  leave  the  beacon  atanding 
out  in  the  sea,  where,  after  remaining  seven  years,  it  was  washed  awaj. 
At  length  the  islet  has  been  converted  by  successive  storms  ioto  a  sand- 
bank. 

Although  there  is  evidence  of  gain  at  some  points,  the  general  progress  of 
the  coast  is  very  slow ;  for  the  tides,  which  rise  from  thirteen  to  sixteen  feet, 
are  actively  employed  in  removing  the  alluvial  matter,  and  difiusingitovera 
wide  area.  The  new  strata  consist  entirely  of  sand  and  fine  mad ;  sneh, 
at  least,  are  the  only  materials  which  are  exposed  to  view  in  regular  beds 
on  the  banks  of  the  numerous  creeks.  No  substance  so  coarse  as  gravel 
occurs  in  any  part  of  the  delta,  nor  nearer  the  sea  tlian  400  miles.  It 
should  be  observed,  however,  that  the  superficial  alluvial  beds,  which  aie 
thrown  down  rapidly  from  turbid  waters  during  the  floods,  may  be  very 
distinct  from  those  deposited  at  a  great  distance  from  the  shore,  where 
erystalline  precipitates,  perhaps,  are  forming,  on  the  evaporation  of  so 
great  a  surface,  exposed  to  the  rays  of  a  tropical  sun.  The  separation  of 
sand  and  other  matter,  held  in  mechanical  suspension,  may  take  place 
where  the  waters  are  in  motion ;  but  mineral  ingredients,  held  in  chemi- 
cal solution,  would  naturally  be  carried  to  a  greater  distance,  where  they 
may  aid  in  the  formation  of  corals  and  shells,  and,  in  part,  perhaps,  be- 
come the  cementing  principle  of  rocky  masses. 

A  well  was  sunk  at  Fort  William,  Calcutta,  in  the  hope  of  obtaining 
water,  through  beds  of  adhesive  clay,  to  the  depth  of  146  feet.  A  bed  of 
yellow  sand  was  then  entered,  and  at  the  depth  of  152  feet  another  stra- 
tum of  clay.* 

Islands  formed  and  destroyed. — Major  R.  H.  Colebrooke,  in  his 
account  of  the  course  of  the  Ganges,  relates  examples  of  the  rapid  filling 
up  of  some  of  its  branches,  and  the  excavation  of  new  channels,  where 
the  number  of  square  miles  of  soil  removed  in  a  short  time  (the  column 
of  earth  being  114  feet  high)  was  truly  astonishing.  Forty  square  miles, 
or  25,600  acres,  are  mentioned  as  having  been  carried  away  in  one  place 
in  the  course  of  a  few  years.t  The  immense  transportation  of  earthy 
matter  by  the  Ganges  and  Megna  is  proved  by  the  great  magnitude  of 
the  islands  formed  in  their  channels  during  a  period  far  short  of  that  of  a 
man's  life.  Some  of  these,  many  miles  in  extent,  have  originated  in 
large  sand-banks  thrown  up  round  the  points  at  the  angular  turning  of  the 


*  See  India  Gazette,  June  9, 1831. 

t  Trans,  of  the  Asiatic  Society,  to],  vii.  p.  14. 
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liTer,  and  afterwards  insulated  by  breaches  of  the  stream.  OtherSy 
formed  in  the  main  channel,  are  caused  by  some  obstruction  at  the 
bottom.  A  large  tree,  or  a  sunken  boat,  is  sometimes  sufficient  to  check 
the  current,  and  cause  a  deposit  of  sand,  which  accumulates  till  it  usurps 
a  considerable  portion  of  the  channel.  The  river  then  borrows  on  each 
side  to  supply  the  deficiency  in  its  bed,  and  the  island  is  afterwards 
raised  by  fresh  deposits  during  every  flood.  In  the  great  gulf  below 
Luckipour,  formed  by  tlie  united  waters  of  the  Ganges  and  Burrampooter 
(or  Megna),  some  of  the  islands,  says  Rennell,  rival  in  size  and  fertility 
the  Isle  of  Wight.  While  the  river  is  forming  new  islands  in  one  part, 
it  is  sweeping  away  old  ones  in  others.  Those  newly  formed  are  soon 
overrun  with  reeds,  long  grass,  the  Tamarix  Indica,  and  other  shrubs, 
forming  impenetrable  thickets,  where  tigers,  buffalos,  deer,  and  other 
wild  animals,  take  shelter.  It  is  easy,  therefore,  to  perceive,  that  both 
animal  and  vegetable  remains  must  continually  be  precipitated  into  the 
flood,  and  sometimes  become  imbedded  in  the  sediment  which  subsides 
in  the  delta. 

Two  species  of  crocodiles,  of  distinct  genera,  abound  in  the  Ganges 
and  its  tributary  and  contiguous  waters;  and  Mr.  H.  T.  Golebiooke 
informs  me  that  he  has  seen  both  kinds  in  places  far  inland,  many  hun- 
dred miles  from  the  sea.  The  Gangetic  crocodile,  or  Gavial  (in  correct 
orthography,  Garial)',  is  confined  to  the  fresh  water,  but  the  common 
crocodile  frequents  both  fresh  and  salt ;  being  much  larger  and  fiercer  in 
salt  and  brackish  water.  These  animals  swarm  in  the  brackish  water 
along  the  line  of  sand-banks  where  the  advance  of  the  delta  is  most  rapid. 
Hundreds  of  them  are  seen  together  in  the  creeks  of  the  delta,  or  basking 
in  the  sun  on  the  shoals  without.  They  will  attack  men  and  cattle, 
destroying  the  natives  when  bathing,  and  tame  and  wild  animals  which 
come  to  drink.  **I  have  not  unfrequently,*'  says  Mr.  Colebrooke, 
•«  been  witness  to  the  horrid  spectacle  of  a  floating  corpse  seized  by  a 
crocodile  with  such  avidity,  that  he  half  emerged  above  the  water  with 
his  prey  in  his  mouth."  The  geologist  will  not  fail  to  observe  how 
peculiarly  the  habits  and  distribution  of  these  saurians  expose  them  to 
become  imbedded  in  the  horizontal  strata  of  fine  mud,  which  are  annually 
deposited  over  many  hundred  square  miles  in  the  Bay  of  Bengal.  The 
inhabitants  of  the  land,  which  happen  to  be  drowned  or  thrown  into  the 
water,  are  usually  devoured  by  these  voracious  reptiles ;  but  we  may 
suppose  the  remains  of  the  saurians  themselves  to  be  continually  entombed 
in  the  new  formations. 

Inundations, — It  sometimes  happens,  at  the  season  when  the  periodical 
flood  is  at  its  height,  that  a  strong  gale  of  wind,  conspiring  with  a  high 
spring-tide,  checks  the  descending  current  of  the  river,  and  gives  rise  to 
most  destructive  inundations.  From  this  cause,  in  the  year  174tt»  the 
waters  at  Luckipour  rose  six  feet  above  their  ordinary  level,  and  the 
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inhabiUnts  of  a  coot idenble  didtrict,  with  their  hopset  mi  cattley  were 
tQtally  svept  away. 

The  population  of  all  oceanic  deltaii  are  particalarly  exposed  to  tofler 
by  9Mch  catastrophe*,  recurring  at  considerable  intervals  of  time ;  and  we 
may  safely  assume  that  s|ich  tragical  events  have  happened  again  and 
again  since  the  Gangetic  delta  was  inhabited  by  man.  If  human  expe- 
rience and  forethought  cannot  always  guard  against  these  calamities,  still 
less  can  the  inferior  animals  avoid  them ;  and  the  monuments  of  sncb 
disastrous  inundations  must  be  looked  for  in  great  abundance  in  strata  of 
ill  ages*  if  tlie  surface  of  our  planet  has  always  been  governed  by  the 
fam^  laws.  When  wo  reflect  on  the  general  order  and  tranquilliiy  that 
raigns  in  the  ricli  and  populous  delta  of  Bengal,  notwiihstanding  the 
havoc  occasionally  committed  by  the  depredations  of  the  ocean,  we  pe^ 
ceive  how  unnecessary  it  is  to  attribute  the  imbedding  of  successive  races 
of  animals  in  older  strata  to  extraordinary  energy  in  the  causes  of  decay 
and  reproduction  in  the  infancy  of  our  planet,  or  to  those  general  catas- 
trophes and  sudden  revolutions  resorted  to  by  some  theorists. 

Delia  of  the  AJisnssippu — As  the  delta  of  the  Ganges  may  he  consid- 
ered a  type  of  those  formed  on  the  borders  of  the  ocean,  it  will  be 
unnecessary  to  accumulate  examples  of  others  on  a  no  less  magnificent 
scale,  as,  for  example,  at  the  moutlis  of  the  Orinoco  and  Amaxon*  To 
these,  however,  I  shall  revert  by-and-by,  when  treating  of  the  agency  of 
currents.  The  tides  of  the  Mexican  Gulf  are  so  feeble,  that  the  delta  of 
the  Mississippi  has  somewhat  of  an  intermediate  character  between  aa 
oceanic  and  mediterranean  delta.  A  long  narrow  tongue  of  land  is  pro- 
truded, consisting  simply  of  the  banks  of  the  river,  wearing  precisely  the 
same  appearance  as  in  the  inland  plains  during  the  periodical  inundations, 
when  nothing  appears  above  water  but  the  higher  part  of  the  sloping 
glacis  before  described.*  This  tongue  of  land  has  advanced  many 
leagues  since  New  Orleans  was  built.  Great  submarine  deposits  are 
also  in  progress,  stretching  far  and  wide  over  the  bottom  of  the  sea, 
which  has  become  extremely  shallow,  not  exceeding  ten  fathoms  in 
depth.  Opposite  the  mouth  of  the  Mississippi  large  rafts  of  drift  treei 
brought  down  every  spring,  are  matted  together  into  a  net- work  many 
yards  in  thickness,  and  stretching  over  hundreds  of  square  leagues.! 
They  afterwards  become  covered  over  with  a  fine  mud,  on  which  other 
layers  of  trees  are  deposited  the  year  following,  until  numerous  alternationi 
of  earthy  and  vegetable  matter  are  accumulated. 

Jilternation  of  Deposits, — An  observation  of  Darby,  in  regard  to  the 
strata  composing  part  of  this  delta,  deserves  attention.  In  the  steep  banks 
of  the  Atchafalaya,  an  arm  of  the  Mississippi  before  alluded  to  in  our 
description  of  '*  the  raft,*'   the  following  section  is  observable  at  low 

•  Chapter  II. 

i  Captain  Hall't  Travels  in  North  America,  vol.  iii.  p.  338.— See  alM>  ani;  p.  18S. 
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r^ter: — first,  an  qpper  stratiiiq,  coanffting  inFariably  of  bluiah  clay, 
sominon  Ip  the  bai)k8  of  the  Missifsippi ;  below  this  a  stratum  of  red  ochre- 
»ii8  earth,  peculiar  to  Red  River,  under  n^hich  ^e  blue  clay  qf  the  Mis- 
iissippi  again  appears ;  and  this  arrangement  is  constant,  proving,  as  that 
geographer  remarks,  that  the  waters  of  the  Mississippi  and  the  Red  River 
occupied  alternately,  at  some  former  periods,  considerable  tracts  below 
iheir  pre^nt  poinV  of  union.*  Such  alternations  are  probably  common  in 
lubmarine  spaces  situated  between  two  converging  deltas;  for,  before 
the  two  rivers  unite,  there  must  almost  always  be  a  certain  period  when 
IB  intermediate  tract  will  by  turns  be  occupied  and  abandoned  by  the 
waters  of  each  stream ;  since  it  can  rarely  happen  that  the  season  of 
highest  flood  will  precisely  correspond  in  each.  In  the  case  of  the  Red 
River  and  Mississippi,  which  carry  off  the  waters  from  countries  placed 
onder  widely  distsnt  latitudes,  an  exact  coincidence  in  the  time  of  greatest 
inundation  is  very  improbable. 

CONCLUDING  REMARKS  ON   DKLTAS. 

QuantUy  of  sediment  in  river  water. — ^Very  few  satisfactory  experi- 
ments have  as  yet  been  made,  to  enable  us  to  determine,  with  any  degree 
of  accuracy,  tlie  mean  quantity  of  earthy  matter  discharged  annually  into 
Ibe  sea  by  some  one  of  the  principal  rivers  of  the  earth.  Hartsoeker 
MNDputed  the  Rhine  to  contain  in  suspension,  when  most  flooded,  one 
part  in  a  hundred  of  mud  in  volume  ;t  but  it  appears  from  two  sets  of 
experiments,  recently  made  by  Mr.  Leonard  Horner,  at  Bonn,  that 
l^^^^th  would  have  been  a  nearer  approximation  to  the  tnitli.|  Sir 
George  Staunton  inferred  from  several  observations,  that  the  water  of  the 
Yellow  River  in  China,  contained  earthy  matter  in  the  proportion  of  one 
part  to  two  hundred,  and  he  calculated  that  it  brought  down  in  a  single 
hour  two  million  cubic  feet  of  earth,  or  forty-eight  million  daily ;  so  that, 
if  the  Yellow  Sea  be  taken  to  be  120  feet  deep,  it  would  require  seventy 
days  for  the  river  to  convert  an  English  square  mile  into  firm  land,  and 
24,000  years  to  turn  the  whole  sea  into  terra  firma,  assuming  it  to  be 
125,000  square  miles  in  area.§  Manfredi,  the  celebrated  Italian  hydro- 
grapher,  conceived  the  average  proportion  of  sediment  in  all  the  running 
i^ater  on  the  globe,  which  reached  the  sea,  to  be  -f|j,  and  he  imagined 
that  it  would  require  1000  years  for  the  sediment  carried  down  to 
raise  the  general  level  of  the  sea  about  one  foot.  Some  writers,  on  the 
contrary,  as  De  Maillet,  have  declared  the  most  turbid  waters  to  contain 
far  less  sediment.  One  of  the  most  extraordinary  statements  is  that  of 
Major  Rennell,  in  his  excellent  paper,  before  referred  to,  on  the  delta  of 

*  Darby's  Louisiana,  p.  103.  t  Comment  Bonon.,  rol.  ii.  jiirt  i.  p.  237, 

t  £din.  New  Phil.  Jonni.,  Jan.  1635. 

§  Staunton's  Embassy  to  China,  Lond.  1797, 4to.  vol.  ii.  p.  408. 
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the  Ganges.  <*  A  glass  of  water,'*  he  says,  *<  taken  ont  of  this  liTer  when 
at  its  height,  yields  about  one  part  in  four  of  mud.  No  wonder«  then," 
he  adds,  **  that  tlie  subsiding  waters  should  quiekly  form  a  stratam  of 
earth,  or  that  the  delta  should  encroach  on  the  sea!"* 

There  must  certainly  be  some  mistake,  perhaps  a  misprint,  in  the 
statement  in  the  Phil.  Trans.;  and  some  have  conjectured  that  the  leaned 
hydrographer  meant  one  part  in  four  hundred  of  mud.  In  former  editiom 
of  this  work,  I  expressed  my  regret  that  so  much  inconsistency  and  oon- 
tradiction  should  be  found  in  the  statements  and  speculations  relatire  to 
this  interesting  subject;  and  I  endeavoured  to  point  out  the  high  geebgi- 
cal  importance  of  reducing  to  arithmetical  computation  the  aggregate 
amount  of  solid  matter  transported  by  certain  large  rivers  to  the  sea.  The 
deficiency  of  data  has  now  been,  in  some  degree^  removed  by  the  labonn 
of  the  Rev.  Mr.  Everest,  who  has  instituted  a  series  of  obserrations  '*0n 
the  earthy  matter  brought  down  by  the  Ganges"  at  Ghazipfir,  above 
Calcutta.! 

The  first  step  to  be  made  in  all  such  calculations  is  to  ascertain  the 
average  volume  of  water  passing  annually  down  the  channel  of  a  river. 
This  might  easily  be  accomplished  if  the  breadth,  depth,  and  Telocity  of 
a  stream  were  constant  and  uniform  throughout  the  year ;  but  is  all  theee 
conditions  are  liable  to  vary  according  to  Uie  seasons,  the  problem  be- 
comes extremely  complex.  In  the  Ganges,  as  in  other  rivers  in  hoi  cli- 
mates, there  are  periodical  inundations,  during  which  by  far  the  greatest 
part  of  the  annual  discharge  takes  place ;  and  the  most  important  point, 
therefore,  to  determine,  is  the  mean  breadth,  depth,  and  velocity  of  the 
stream  during  this  period. 

Mr.  Everest  found  that,  in  1831,  the  number  of  cubic  feet  of  water  dis- 
charged by  the  Ganges  per  second  was,  during  the 

Rains,  (4  months) 494,208 

Winter,  (5  months) 71,200 

Hot  weather,  (3  months)       ....       36,330 

so  tliat  we  may  state  in  round  numbers,  that  500,000  cubic  feet  flow 
down  during  the  four  months  of  the  flood  season,  from  June  to  Septem- 
ber, and  only  100,000  during  the  remaining  eight  months. 

Having  obtained  the  volume  of  water,  we  have  next  to  inquire  what  is 
the  proportion  of  solid  matter  contained  in  it;  and  for  this  purpose,  a 
definite  quantity,  as,  for  example,  a  quart  is  taken  from  the  river  on  dif- 
ferent days,  sometimes  from  the  middle  of  the  current,  and  sometimes 
nearer  the  banks.  This  water  is  then  evaporated,  the  solid  residuum 
weighed,  and  the  mean  quantity  of  sediment  thus  ascertained,  throughout 

•  Phil.  Trans.  1781. 

t  Journ.  of  Asiatic  Soc.,  No.  6.  p.  238.  June,  1832.    See  also  Mr.  Prinsep,  Glean- 
ing in  Science,  vol.  ill.  p.  185. 
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le  rainy  season.  The  same  observations  must  then  be  repeated  for  the 
ther  portions  of  the  year. 

In  computing  the  quantity  of  water,  Mr.  Everest  made  no  allowance 
Dr  the  decreased  velocity  of  the  stream  near  the  bottom,  presuming  that 
t  is  compensated  by  the  increased  weight  of  matter  held  in  suspension 
here.  Probably  the  amount  of  sediment  is  by  no  means  exaggerated  by 
his  circumstance  ;  but  rather  underrated,  as  the  heavier  grains  of  sand, 
f  hich  can  never  rise  into  the  higher  parts  of  the  stream,  are  drifted  along 
he  bottom. 

Now  the  average  quantity  of  solid  matter  suspended  in  the  water 
luring  the  rains  was,  by  weight,  ^^th  part ;  bui#  as  the  water  is  about 
»ne  half  the  specific  gravity  of  the  dried  mud,  the  solid  matter  discharged 
t  i4y^^  P^^  ^°  bulk,  or  577  cubic  feet  per  second.  This  gives  a  total 
>f  6,082,041,600  cubic  feet  for  the  discharge  in  the  122  days  of  the  rain. 
rhe  proportion  of  sediment  in  the  waters  at  other  seasons  was  compara- 
ively  insignificant,  the  total  amount  during  the  five  winter  months  being 
mly  247,881,600  cubic  feet,  and  during  the  three  months  of  hot  weather, 
18,154,240  cubic  feet.  The  total  annual  discharge,  then,  would  be 
),868,077,440  cubic  feet. 

In  order  to  give  some  idea  of  the  magnitude  of  this  result,  we  will 
lisome  that  the  specific  gravity  of  the  dried  mud  is  only  one-half  that  of 
{nnite  (it  would,  however,  be  more);  in  that  case,  the  earthy  matter  dis- 
charged in  a  year  would  equal  8,184,038,720  cubic  feet  of  granite.  Now 
ibont  12i  cubic  feet  of  granite  weigh  one  ton  ;  and  it  is  computed  that 
lie  great  Pyramid  of  Egypt,  if  it  were  a  solid  mass  of  granite,  would 
sreigh  about  6,000,000  tons.  The  mass  of  matter,  therefore,  carried 
lown  annually,  would,  according  to  this  estimate,  more  than  equal  in 
sreight  and  bulk  forty-two  of  the  great  pyramids  of  Egypt,  and  that  borne 
lown  in  the  four  months  of  the  rains  would  equal  forty  pyramids.  But 
if,  without  any  conjecture  as  to  what  may  have  been  the  specific  gravity 
of  the  mud,  we  attend  merely  to  the  weight  of  solid  matter  actually 
proved  by  Mr.  Everest  to  have  been  contained  in  the  water,  we  find  that 
the  number  of  tons  weight  which  passed  down  in  the  122  days  of  the 
rainy  season  was  339,413,760,  which  would  give  the  weight  of  fifty-six 
pyramids  and  a  half;  and  in  the  whole  year  355,361,464  tons,  or  nearly 
the  weight  of  sixty  pyramids. 

The  base  of  the  great  Pyramid  of  Egypt  covers  eleven  acres,  and  its 
perpendicular  height  is  about  five  hundred  feet.  It  is  scarcely  possible 
to  present  any  picture  to  the  mind  which  will  convey  an  adequate  con- 
ception of  the  mighty  scale  of  this  operation,  so  tranquilly  and  almost 
insensibly  carried  on  by  the  Ganges,  as  it  glides  through  its  alluvial 
plain.  It  may,  however,  be  stated,  that  if  a  fleet  of  more  than  eighty 
indiamen,  each  freighted  with  about  1400  tons  weight  of  mud,  were  to 
lail  down  the  river  every  hour  of  every  day  and  night  for  four  months 
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continuously,  they  would  only  transport  from  the  higher  country  to  die 
sea  a  mass  of  solid  matter  equal  to  that  borne  down  by  the  Ganges  in  the 
flood  season.  Or  the  exertions  of  a  fleet  of  about  2000  soch  ships  going 
down  daily  with  the  same  burden,  and  discharging  it  into  the  gulf,  would 
be  no  more  than  equivalent  to  the  operations  of  the  great  river.  Tet,  in 
addition  to  this,  it  is  probable  that  the  Burrampooter  conveys  annuallj 
as  much  solid  matter  to  the  sea  as  the  Ganges. 

The  most  voluminous  current  of  lava  which  has  flowed  from  Etat 
within  historical  times  was  that  of  1669.  Ferrara,  after  correcting 
Borelli*s  estimate,  calculated  the  quantity  of  cubic  yards  of  laH  in  this 
current  at  140,000,0M.  Now,  this  would  not  equal  in  bulk  one  flAh  of 
the  sedimentary  matter  which  is  carried  down  in  a  singliB  year  by  the 
Ganges,  according  to  the  estimate  above  explained;  so  that  it  would 
require  five  grand  eruptions  of  Etna  to  transfer  a  mass  of  lava  from  the 
subterranean  regions  to  the  surface,  equal  in  volume  to  the  mod  carried 
down  to  the  sea  in  one  year  by  a  single  river  in  Bengal. 

Grouping  of  Strata  in  Deltas, — The  changes  which  have  taken  plaes 
iA  deltas,  even  since  the  times  of  history,  may  suggest  many  important 
considerations  in  regard  to  the  manner  in  which  subaqueous  sediment 
is  distributed.  Notwithstanding  frequent  exceptions,  arising  from  the  in- 
terference of  a  variety  of  causes,  there  are  some  general  laws  of  arrange- 
ment, which  must  evidently  hold  good  in  almost  all  the  lakes  and  seas 
now  filling  up.  If  a  lake,  for  example,  be  encircled  on  two  sides  fay 
lofty  mountains,  receiving  from  them  many  rivers  and  torrents  of  difierM 
sizes,  and  if  it  be  bounded  on  the  other  sides,  where  the  surplus  waters 
issue,  by  a  comparatively  low  country,  it  is  not  difficult  to  define  some  of 
the  leading  geological  features  which  must  characterize  the  lacustrine  fo^ 
mation,  when  this  basin  shall  have  been  gradually  converted  into  dry  land 
by  the  influx  of  sediment.  The  strata  would  be  divisible  into  two  prin- 
cipal groups:  the  older  comprising  those  deposits  which  originated  on 
the  side  adjoining  the  mountains,  where  numerous  deltas  first  began  to 
form  ;  and  the  newer  group  consisting  of  beds  deposited  in  the  more  cen- 
tral parts  of  the  basin,  and  towards  the  side  farthest  from  the  mountains. 
The  following  characters  would  form  the  principal  marks  of  distinction 
between  the  strata  in  each  series.  The  more  ancient  system  would  be 
composed,  for  the  most  part,  of  coarser  materials,  containing  many  beds 
of  pebbles  and  sand,  often  of  great  thickness,  and  sometimes  dipping  at  a 
considerable  angle.  These,  with  associated  beds  of  finer  ingredients, 
would,  if  traced  round  the  borders  of  the  basin,  be  seen  to  vary  greatly 
in  colour  and  mineral  composition,  and  would  also  be  very  irregular  in 
thickness.  The  beds,  on  the  contrary,  in  the  newer  group,  would  con- 
sist of  finer  particles,  and  would  be  horizontal,  or  very  slightly  inclined. 
Their  colour  and  mineral  composition   would  be  very  homogeneous 
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throughout  large  areas,  and  would  differ  from  almost  all  the  sepafateT^eds 
in  the  older  series. 

The  following  causes  would  produce  the  diversity  here  alluded  to*  be- 
tween the  twjo  great  members  of  such  lacustrine  formations  :-rVYben  Uie 
rivers  and  torrents  first  reach  the  edge  of  the  lak.e,  the  deuitus  )va9hed 
down  by  them  from  the  adjoining  heights  sinks  at  once  into  deep  water, 
all  the  heavier  pebbles  and  sand  subsiding  near  the  shore.  The  finer  mjiifl 
is  carried  somewhat  farther  out,  but  not  to  the  distance  pf  many  miles,  for 
the  greater  part  may  be  seen,  as,  for  example,  where  ^le  ^hoiie  enters  the 
Lake  of  Geneva,  to  fall  down  in  clouds  to  the  bottom,  not  far  frpfn  thfi  river's 
month.  Thus  alluvial  tracts  are  soon  formed  at  the  mouths  of  eyery  tor- 
rent and  river,  and  many  of  these  in  the  course  of  ages  become  of  cop- 
siderable  extent.  Pebbles  and  sand  are  then  transported  farther  (ron)  the 
mountains ;  but  in  their  passage  they  decrease  in  size  by  attrition^  and  are 
in  part  converted  into  mud  and  sand.  At  length  some  of  the  numerous 
deltas,  which  are  all  directed  towards  a  common  centre,  approach  near  to 
each  other — those  of  adjoining  torrents  become  united,  and  each  in  merged, 
in  its  turn,  in  the  delta  of  the  largest  river,  which  advances  mos^  rapidly 
into  the  lake,  and  renders  all  the  minor  streams,  one  after  the  other,  its 
tributaries.  The  various  mineral  ingredients  of  all  are  thus  blended  to- 
gether into  one  homogeneous  mixture,  and  the  sediment  is  poured  pfit 
from  a  common  channel  into  the  lake. 

As  the  average  size  of  the  transported  particles  decreases,  while  tlie 
(brce  and  volume  of  the  current  augments,  the  newer  deposits  are  diffused 
eoDtinnally  over  a  wider  area,  and  are  consequently  more  horizontal  than 
the  older.  When  at  first  there  were  many  independent  deltas  near  the 
borders  of  the  basin,  tlieir  separate  deposits  differed  entirely  from  each 
other ;  one  may  have  been  charged,  like  the  Arve  where  it  joins  th^ 
Rhone,  with  white  sand,  and  sediment  derived  from  granite— another 
may  have  been  black,  like  many  streams  in  the  Tyrol,  flowing  from  th^ 
waste  of  decomposing  rocks  of  dark  slate— «  third  may  have  been  coloqr- 
ed  by  ochreous  sediment,  like  the  Red  River  in  Louisiana — a  fourth,  like 
the  Elsa  in  Tuscany,  may  have  held  much  carbonate  of  lime  in  solution. 
At  first  they  would  each  form  distinct  deposits  of  sand,  gravel,  limestone, 
marl,  or  other  materials ;  but  after  their  junction  new  chemical  combina- 
tions and  a  distinct  colour  would  be  the  result,  and  the  particles  having 
been  conveyed  ten,  twenty,  or  a  greater  number  of  miles  over  alluvial 
plains,  would  become  finer. 

In  deltas  where  the  causes  are  more  complicated,  and  where  tides  and 
currents  partially  interfere,  the  above  description  would  only  be  applica- 
ble, with  certain  modifications  ;  but  if  a  series  of  eartliquakes  accompany 
the  growth  of  a  delta,  and  change  the  levels  of  the  land  from  tim^  to  time, 
as  in  the  region  where  the  Indus  now  enters  the  sea,  and  others  hereafter 
Vol.  L— 2  E 


284  FORMATION  OF  CONGLOMERATES.  [Book  If. 

to  be  mentioned,  the  phenomena  will  then  depart  still  more  widely  from 
the  ordinary  type. 

Convergence  of  Deltas. — ^If  we  possessed  an  accurate  aeries  of  maps  of 
the  Adriatic  for  many  thousand  years,  our  retrospect  would,  without  doubt, 
carry  us  gradually  back  to  the  time  when  the  number  of  riven  dea^eBdiof 
from  the  mountains  into  that  gulf  by  independent  deltas  was  far  greiter 
in  number.  The  deltas  of  the  Po  and  the  Adige,  for  instance,  would  sept- 
rate  themselves  within  the  recent  era,  as,  in  all  probability,  would  those 
of  the  Isonzo  and  the  Torre.  If,  on  the  other  hand,  we  speculate  on  fu- 
ture changes,  we  may  anticipate  the  period  when  the  number  of  deltsf 
will  greatly  diminish ;  for  the  Po  cannot  continue  to  encroach  at  the  rate 
of  a  mile  in  a  hundred  years,  and  other  rivers  to  gain  as  much  in  six  or 
seven  centuries  upon  the  shallow  gulf,  without  new  junctions  occurrinf 
from  time  to  time,  so  that  Eridanus,  **  the  king  of  rivers,*'  will  continually 
boast  a  greater  number  of  tributaries.  The  Ganges  and  the  Burrampoo- 
ter,  have  probably  become  confluent  within  the  historioal  era ;  and  the 
date  of  the  junction  of  the  Red  River  and  the  Mississippi  would,  in  all 
likelihood,  have  been  known  if  America  had  not  been  so  recently  diseof- 
ered.  The  union  of  the  Tigris  and  the  Euphrates  must  undoubtedly  have 
been  one  of  the  modern  geographical  changes  on  our  earth,  and  similar 
remarks  might  be  extended  to  many  other  regions. 

When  the  deltas  of  rivers,  having  many  mouths,  converge,  a  partial 
union  at  first  takes  place  by  the  confluence  of  some  one  or  more  of  their 
arms ;  but  it  is  not  until  the  main  trunks  are  connected  above  the  head  of 
the  common  delta,  that  a  complete  intermixture  of  their  joint  waters  and 
sediment  takes  place.  The  union,  therefore,  of  the  Po  and  Adige,  and 
of  the  Ganges  and  Burrampooter,  is  still  incomplete.  If  we  reflect  on 
the  geographical  extent  of  surface  drained  by  rivers  such  as  now  enter  the 
Bay  of  Bengal,  and  then  consider  how  complete  the  blending  together  of 
the  greater  part  of  their  transported  matter  has  already  become,  and 
throughout  how  vast  a  delta  it  is  spread  by  numerous  arms,  we  no  longer 
feel  so  much  surprise  at  the  area  occupied  by  some  ancient  formations  of 
homogeneous  mineral  composition.  But  our  surprise  will  be  still  further 
lessened  when  we  afterwards  inquire  into  the  action  of  tides  and  currents 
in  disseminating  sediment.* 

Formation  of  Conglomerates. — Along  the  base  of  the  Maritime  Alps, 
between  Toulon  and  Genoa,  the  rivers,  with  few  exceptions,  are  now 
forming  strata  of  conglomerate  and  sand.  Tiieir  channels  are  often  seve- 
ral miles  in  breadth,  some  of  them  being  dry,  and  the  rest  easily  forded 
for  nearly  eight  months  in  the  year,  whereas  during  the  melting  of  the 
snow  they  are  swollen,  and  a  great  transportation  of  mud  and  pebbles  takes 
place.  In  order  to  keep  open  the  main  road  from  France  to  Italy,  nowcar- 

*  See  Chap.  viii. 
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Tied  along  the  seft-coast,  it  is  neoessary  to  remo? e  animallj  great  maaaea  of 
shingle  brought  down  daring  the  flood-season.  A  portion  of  the  pd>bles  are 
aeen  in  aome  localities*  as  near  Nice,  to  form  beds  of  shingle  along  the  ahore, 
but  the  greater  part  are  swept  into  a  deep  sea.  The  small  progress  made 
by  the  ddtas  of  minor  rivers  on  this  coast  need  not  surprise  us,  when  we 
recollect  that  there  ia  sometimes  a  depth  of  two  thousand  feet  at  a  few 
hundred  yards  from  the  beach»  as  near  Nice.  Similar  observations  might 
be  made  reapecting  a  large  proportion  of  the  rivers  in  Sicily,  and,  among 
others,  respecting  that  which,  immediately  north  of  the  port  of  Messina, 
hnrriea  annually  vast  masses  of  granitic  pebbles  into  the  sea. 

Cmtses  of  Stratification  in  Deltas. — That  the  matter  carried  by  rivera 
into  aeaa  and  lakes  is  not  thrown  in  confused  and  promiscuous  heaps,  but 
is  spread  out  far  and  wide  along  the  bottom,  is  well  ascertained ;  and  that 
it  most  ibr  the  most  part  be  divided  into  distinct  strata,  may  in  part  be  in- 
ferred where  it  cannot  be  proved  by  observation.  The  horizontal 
arrangement  of  the  strata,  when  laid  open  to  the  depth  of  twenty  or  thirty 
feet  in  the  deltaa  of  the  Ganges,  Indus,  and  Mississippi,  is  alluded  to  by 
many  writers ;  and  the  same  disposition  is  well  known  to  obtain  in  all 
modem  deposits  of  lakes  and  estuaries* 

Natural  divisions  are  often  occasioned  by  the  interval  of  time  which 
separatee  annually  the  deposition  of  matter  during  the  periodical  rains,  or 
melting  of  the  snow  upon  the  mountains.  The  deposit  of  each  year  may 
aeqnire  aome  degree  of  consistency  before  that  of  the  succeeding  year  is 
superimposed.  A  variety  of  circumstances  also  give  rise  annually,  or 
sometimes  from  day  to  day,  to  slight  variations  in  colour,  fineness  of  the 
particles,  and  other  characters,  by  which  alternations  of  strata  distinct  in 
texture,  and  mineral  ingredients,  must  be  produced.  Thus,  for  example, 
at  one  period  of  the  year,  drift  wood  may  be  carried  down,  and  at  ano- 
ther mod,  as  was  before  stated  to  be  the  case  in  the  delta  of  the  Missis- 
sippi ;  or  at  one  time,  when  the  volume  and  velocity  of  the  stream  are 
greatest,  pebbles  and  sand  may  be  spread  over  a  certain  area,  over  which, 
when  the  waters  are  low,  fine  matter  or  chemical  precipitates  are  formed. 
During  inundations,  the  current  of  fresh  water  often  repels  the  sea  for 
many  miles ;  but  when  the  river  is  low,  salt  water  again  occupies  the 
same  space.  When  two  deltas  are  converging,  the  intermediate  space  is 
often,  for  reasons  before  explained,  alternately  the  receptacle  of  different 
sediments  derived  from  the  converging  streams.  The  one  is,  perhaps, 
charged  with  calcareous,  the  other  with  argillaceous  matter ;  or  one  sweeps 
down  sand  and  pebbles,  the  other  impalpable  mud.  These  differences 
may  be  repeated,  with  considerable  regularity,  until  a  thickness  of  hun- 
dr^  of  feet  of  alternating  beds  is  accumulated.  The  multiplication,  also, 
of  shells  and  corals  in  particular  spots,  must  give  rise  occasionally  to  lines 
of  separation,  and  divide  a  mass  which  might  otherwise  be  homogene- 
ous into  distinct  strata. 
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AH  ^UmlfiHim  of  the  ihell  marl  now  rnrrning  in  the  Scotch  lakn,  or 
tN^  anBlAtat  termed  '*  warp,"  which  tulnides  rrom  ihe  motldy  water  tf 
iht  Htrmber,  and  otiier  riven,  showi  dial  recent  depiMlia  are  ofleo  eompoa- 
e4  of  a  great  ftainber  of  extremely  thin  Inyeni  either  even  or  alighfly  nnda- 
laiing:,  and  preatrting  a  general  paraNeliairi  to  the  plane*  of  ■tniifiea[riM. 
Sometimes,  however,  the  lamtns  in  mmiern  airxta  are  didpoaed  diapmny 
at  a  conaiderable  angle,  which  appeara  to  take  place  where  there  aie  ee» 
ftlclln^  moreraenla  in  the  waietv.  In  January,  1899,  I  viaiied.  in  eeni- 
pany  with  Prorcaaor  L.  A.  Neeker,  of  Geneva,  the  confloence  of  ifaa 
Rhone  and  Arvo,  when  thote  rivers  were  very  low,  and  were  catting  du» 
ncis  through  the  vast  heaps  of  debria  thrown  down  from  the  watervof  ibe 
ArvB,  in  ihe  preceding  apriag.  One  of  the  sand-banks  which  bad  fbrmed, 
in  the  spring  of  IS2B,  where  the  opposing  cnrrenta  of  the  two  rivers  nes- 
tralized  each  other,  and  caused  a  letarilaiion  in  the  motion,  had  been  od- 
dermined:  and  the  following  is  an  exact  re  presentation  of  the  amnge- 
menl  of  lamtns  exposed  in  a  vertical  section.  The  length  of  the  ponion 
here  seen  ia  about  twelve  feel,  and  the  height  five.  The  atnta  a  a  con- 
list  of  irregular  alternations  of  pebbles  and  aand  in  undulating  beda  :  be- 
low these  are  aeams  of  very  fine  sand  b  a,  some  as  thin  aa  paper,  otheit 
about  a  quarter  of  an  inch  thick.  The  atrala  c  c  are  compoaed  of  hyeit 
~  of  fine  greenish-gray  sand,  as  thin  as  paper.  Some  of  the  inelioed  bed* 
*ill  be  8een  to  be  thicker  at  their  npper,  other*  at  their  lower  extrerai^. 
the  inclination  of  some  being  very  considerable.  These  layen  mml 
have  accumulated  one  on  the  other  by  lateral  apposition,  probably  when 
one  of  the  rivers  was  very  gradually  increasing  or  diminishing  in  velocity, 
■o  that  the  point  of  greatest  retardation  caused  by  their  conflicting  cur- 
rents shifted  slowly,  allowing  the  sediment  to  be  thrown  down  in  suceesi- 
ive  layers  on  a  sloping  bank.  The  same  phenomenon  is  exhibited  in 
older  strata  of  all  agea  ;  and  when  they  are  treated  of,  1  shall  endeavoor 
more  fully  to  illustrate  the  origin  of  such  a  structure. 
Fig.  13. 


Aettm  0H  iAb  6anjl«  ef  Iht  Am  at  iU  trnflbuiut  with  Iht  RMme,  tiomtig  Ae  trtt^ 
eUim  of  iafanU  lektrt  atrrttttt  nut. 

Ootulant  interdiange  of  land  and  tea.—\  may  here  conclude  my  re- 
marka  on  deltas,  observing  that,  imperfect  as  is  our  information  of  the 
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d^ngtB  whieK  they  have  uitdergoiid  wtihin  tM  hst  9000  yeaiB,  they  at^ 
nfficieDt  to  show  ha#  constant  an  interchahge  of  sea  and  land  it  taking 
place  on  the  face  of  our  globe.  Iii  thft  Mediterranean  alone,  anany  floor- 
iihiiif  hiland  towna,  aihl  a  Mill  greater  number  of  ports,  now  stand  where 
tfete  te<  r6Hedit8  #ave8  since  the  era  of  the  early  civilization  of  Europe. 
If  we  ooold  compare  with  equal  accuracy  the  ancient  and  actual  state  of 
M  the  islanda  and  continents,  we  should  probably  discorer  that  millions 
of  our  race  are  now  supported  by  lands  sitnated  where  deep  seas  pre» 
tailed  in  Mrlie^  ageik.  In  many  disti^icts  not  yet  occupied  by  man,  land 
ttimnb  and  forests  now  abound  where  ships  once  sailed,  and  on  the 
otfier  hand,  we  shall  find,  on  inquiry,  that  inroads  of  the  ocean  have  been 
BO  less  considerable.  When  to  these  revolutions,  produced  by  aqueous 
causes,  we  add  analogous  changes  wrought  by  igneous  agency,  we  shall, 
perhaps,  acknowledge  the  justice  of  the  conclusion  of  Aristotle,  who  de- 
clared that  the  whole  land  and  sea  on  our  globe  periodically  changed 
plaeea.* 


CHAPTER   VI. 

l>B«nU>TIMO  AKD  TRANSPORTUSO  BFFXCTS  OF  TIDES  AND  C17RSS1ITS« 

•  •  • 

Difiennoef  in  the  riie  of  the  tidet— Rennell't  Account  of  the  Lagulkui  and  Golf  our^ 
rent»— Velocity  of  correnta — Causes  of  corrent^^ Action  of  the  lea  on  the  Britiab 
eoaat  (p.  244.) — Shetland  Islands — Large  blocks  remored-^Effects  of  lightning— 
lalee  reduced  to  clusters  of  rocks^-Orkney  Islet-^East  eoait  of  Seodsiid  (p.  S49.) 
-*-Eaat  coast  of  England— Waste  of  the  cliffii  of  HoUemess,  Norfolk,  and  Sofiblk 
—Silting  up  of  estuaries  (p.  SC>4.) — Origin  of  submarine  forests— Tarmouth  estuary 
— Suffolk  coast— Dunwich  (p.  S56.)— Essex  odastr—Estuary  of  the  Thames — 
Goodwin  Sands— Coast  of  Kent— Formation  of  Straits  of  Dover  (p.  2G2.)— South 
coast  of  England— Sussex— Hants— Dorset— Portland— Origin  of  tiie  Chesil  Bank 
(p.  206.)-^<;on!iwa)l-^>Coast  of  Brittany. 

ALTnouoH  the  movements  of  great  bodies  of  water,  termed  tides  and  cur- 
rents, are  in  general  due  to  very  distinct  causes,  their  effects  cannot  be 
studied  separately ;  for  they  produce,  by  their  joint  action,  those  changes 
which  are  objects  of  geological  interest.  These  forces  may  be  viewed 
in  the  same  manner  as  we  before  considered  rivers,  first,  as  employed  in 

*  See  mto,  Book  i.  p.  39. 
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dtttroying  porUons  of  the  solid  crost  of  the  earth,  end  reoioviiig  Ihep  to 
other  places ;  secondly,  as  reproductive  of  new  strata. 

7%des, — It  would  be  superfluous  at  the  present  day  to  offer  may  re- 
marks on  the  cause  of  the  tides.  They  are  not  perceptive  in  lakes,  or  ii 
most  inland  seas ;  in  the  Mediterranean  even,  deep  and  eztensi? e  as  ii 
that  sea,  they  are  scarcely  sensible  to  ordinary  observation,  their  edbdi 
being  quite  subordinate  to  those  of  the  winds  alid  currents.  In  some 
places,  however,  as  in  the  Straits  of  Messina,  there  is  an  ebb  and  flow  lo 
the  amount  of  two  feet  and  upwards ;  at  Naples  and  at  the  EnripHS,  of 
twelve  or  thirteen  inches  ;  and  at  Venice,  according  to  Bennell,  of  five 
feet.*  In  the  Syrtes,  also,  of  the  ancients,  two  wide  shallow  gulfs  which 
penetrate  very  far  within  the  northern  coast  of  Africa,  between  Carthsgs 
and  Cyrene,  the  rise  is  said  to  exceed  five  feett 

In  islands  remote  from  any  continent,  the  ebb  and  flow  of  the  ocean  is 
▼ery  slight,  as  at  Su  Helena,  for  example,  where  it  is  rarely  above  thrse 
feet4  In  any  given  line  of  coast,  the  tides  are  greatest  in  narrow  chan- 
nels, bays,  and  estuaries,  and  least  in  the  intervening  tracts  where  the 
land  is  prominent.  Thus,  at  the  entrance  of  the  estuary  of  the  Thames 
and  Medway,  the  rise  of  the  spring  tides  is  eighteen  feet ;  but  when  we 
follow  our  eastern  coast  from  thence  northward,  towards  Lowestoff  and 
Yarmouth,  we  find  a  gradual  diminution,  until,  at  the  places  last  men- 
tioned, the  highest  rise  is  only  seven  or  eight  feet  From  this  point  there 
begins  again  to  be  an  increase,  so  that  at  Cromer,  where  the  coast  again 
retires  towards  the  west,  the  rise  is  sixteen  feet ;  and  towards  the  ex« 
tremity  of  the  gulf  called  *'  the  Wash,"  as  at  Lynn  and  in  Boston  deeps, 
it  is  from  twenty-two  to  twenty-four  feet,  and  in  some  extraordinary  cases 
twenty-six  feet.  From  thence  again  there  is  a  decrease  towards  the  north, 
the  elevation  at  the  Spurn  Point  being  from  nineteen  to  twenty  feet,  and 
at  Flamborough  Head  and  the  Yorkshire  coast  from  fourteen  to  sixteen 
feet.§ 

At  Milford  Haven  in  Pembrokeshire,  at  the  mouth  of  the  Bristol  Chan* 
nel,  the  tides  rise  thirty -six  feet ;  and  at  King-Road  near  Bristol,  forty- 
two  feet.  At  Chepstow  on  the  Wye,  a  small  river  which  opens  into  the 
estuary  of  the  Severn,  they  reach  fifty  feet,  and  sometimes  sixty-nine,  and 
even  seventy-two  feet.||  A  current  which  sets  in  on  the  French  coast,  to 
the  west  of  Cape  La  Hague,  becomes  pent  up  by  Guernsey,  Jersey,  and 
other  islands,  till  the  rise  of  the  tide  is  from  twenty  to  forty-five  feet, 

^  Geog.  of  Herod,  vol.  ii.  p.  331.  t  Ibid.  p.  3S8. 

t  Romme,  Vents  et  Courans,  vol.  ii.  p.  2.  Rev.  F.  Fallows,  Quart.  Journ.  of 
Science,  March,  1829. 

§  The  heights  of  these  tides  are  given  on  the  authority  of  Captain  Hewett, 
R.  N. 

II  On  the  authority  of  Captain  Beaufort,  R.  N. 
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whlgh  last  height  it  attains  at  Jersey,  and  at  St  Malo,  a  seaport  of  Brit- 

Ciurmi/s.-— The  most  extensive  and  best  determined  system  of  cur- 
rents, is  that  whidi  has  its  source  in  tlie  Indian  Ocean,  under  the  influ- 
ence of  the  trade  winds ;  and  which,  after  doubling  the  Cape  of  Good 
Hope,  inclines  to  the  northward,  along  the  western  coast  of  Africa,  then 
crosses  the  Atlantic,  near  the  equator,  and  is  lost  in  the  Caribbean  Sea, 
yet  seems  to  be  again  revived  in  tfie  current  which  issues  from  the  Gulf 
of  Mexico,  by  the  Straits  of  Bahama,  and  flows  rapidly  in  a  north-easterly 
direction  by  the  bank  of  Newfoundland,  towards  the  Azores. 

We  learn  from  the  posthumous  work  of  Rennell  on  this  subject,  that 
the  Jjagullas  current,  so  called  from  the  cape  and  bank  of  that  name,  is 
formed  by  the  junction  of  two  streams,  flowing  from  the  Indian  Ocean  ; 
the  one  from  the  channel  of  Mozambique,  down  the  south-east  coast  of 
Africa ;  the  other,  from  the  ocean  at  large.  The  collective  stream  is  from 
ninety  to  one  hundred  miles  in  breadth,  and  runs  at  the  rate  of  from  two 
and  a  half  to  more  than  four  miles  per  hour.  It  is  at  length  turned  west- 
ward by  the  liagulias  bank,  which  rises  from  a  sea  of  great  depth  to 
within  one  hundred  fathoms  of  the  surface.  It  must,  therefore,  be  infer* 
red,  says  Rennell,  that  the  current  here  is  more  than  one  hundred  fathoms 
deep,  otherwise  the  main  body  of  it  would  pass  across  the  bank,  instead 
of  being  deflected  eastward,  so  as  to  flow  round  the  Cape  of  Good  Hope. 
From  this  cape  it  flows  northward,  along  the  western  coast  of  Africa, 
taking  the  name  of  the  South  Atlantic  current.  It  then  enters  the  Bight, 
or  Bay  of  Benin,  and  is  turned  westward,  partly  by  the  form  of  the  coast 
there,  and  partly,  perhaps,  by  the  Guinea  current,  which  runs  from  the 
north  into  the  same  great  bay.  From  the  centre  of  this  bay  proceeds  the 
Equatorial  current,  holding  a  westerly  direction  across  the  Atlantic,  which 
it  traverses,  from  the  coast  of  Guinea  to  that  of  Brazil,  flowing  afterwards 
by  the  shores  of  Guiana  to  the  West  Indies.  The  breadth  of  this  current 
▼aries  from  100  to  450  geographical  miles,  and  its  velocity  is  from  twen- 
ty-five to  seventy-nine  miles  per  day,  the  mean  rate  being  about  thirty 
miles.  The  length  of  its  whole  course  is  about  4000  miles.  As  it  skirts 
the  coast  of  Guiana,  it  is  increased  by  the  influx  of  the  waters  of  the 
Amazon  and  Orinoco,  and  by  their  junction  acquires  accelerated  velocity. 
After  passing  the  island  of  Trinidad,''  it  expands,  and  is  almost  lost  in  the 
Caribbean  Sea ;  but  there  appears  to  be  a  general  movement  of  that  sea 
towards  the  Mexican  gulf,  which  discharges  the  most  powerful  of  all  cur- 
rents through  the  Straits  of  Florida,  where  the  waters  run  in  the  northern 
part  with  a  velocity  of  five  miles  an  hour,  having  a  breadth  of  frooi 
thirty-five  to  fifty  miles. 

The  temperature  of  the  Gulf  of  Mexico  is  86°,  in  summer,  or  6^  higher 
than  that  of  the  ocean,  in  the  same  parallel  (25^  N.  iat.)  and  a  large  pro- 
portion of  this  warmth  is  retained,  even  where  the  stream  reaches  the 
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48^  N*  lat.  After  itsning  from  the  Straits  of  Florida,  tb#  enmnt  nioa  in  i 
northerly  direction  to  Cape  Hatteraa,  in  North  Carolina,  aboat  35^  N. 
lat.t  where  it  is  more  than  seventy  miles  broad,  and  still  movos  at  the  nte 
of  seventy-five  miles  per  day.  In  about  the  40®  N.  lat,  it  is  tamed  man 
towards  the  Atlantic  by  the  extensive  banks  of  Nantucket  and  St 
George,  which  are  from  200  to  800  feet  beneath  the  surface  of  the  an; 
a  clear  proof  that  the  current  exceeds  that  depth.  On  arriving  near  the 
Azores,  the  stream  widens,  and  overflows,  as  it  were,  forming  a  iaige  ex- 
panse of  warm  water  in  the  centre  of  the  North  Atlantic,  over  a  apace  of 
200  or  300  miles  from  north  to  south,  and  having  a  temperature  of  from  8° 
to  10°  Fahr.  above  the  surrounding  ocean.  The  whole  area,  covered  bj 
the  gulf  water,  is  estimated  by  Rennell  at  2000  miles  in  length,  and,  ati 
mean,  350  miles  in  breadth ;  an  area  more  extensive  than  that  of  the 
Mediterranean.  The  warm  water  has  been  sometimes  known  to  leaeh 
the  Bay  of  Biscay,  still  retaining  five  degress  of  temperature  above  thit 
of  the  adjoining  ocean,  and  a  branch  of  the  gulf  current  occasionally  driAe 
fruiu,  plants,  and  wood,  the  produce  of  America,  and  the  West  Indieii 
to  the  shores  of  Ireland,  and  the  Hebrides. 

From  the  above  statements  we  may  understand  the  description,  givea 
by  Rennell,  of  the  principal  currents,  which,  he  says,  are  oceanic  riven, 
from  50  to  250  miles  in  breadth,  having  a  rapidity  exceeding  that  of  the 
largest  navigable  rivers  of  the  continents,  and  so  deep  as  to  be  sometimes 
obstructed,  and  occasionally  turned  aside,  by  banks  which  do  noi  rise 
within  forty  or  fifty  fathoms  of  the  surface  of  the  sea.* 

Greatest  Velocity  of  Currents, — ^The  ordinary  velocity  of  the  principal 
currents  of  the  ocean  is  from  one  to  three  miles  per  hour ;  but  when  the 
boundary  lands  converge,  large  bodies  of  water  are  driven  gradually  into 
a  narrower  space,  and  then  wanting  lateral  room,  are  compelled  to  raise 
their  level.  Whenever  this  occurs,  their  velocity  is  much  increased. 
The  current  which  runs  through  the  Race  of  Alderney,  between  the  island 
of  that  name  and  the  main  land,  has  a  velocity  of  above  eight  English 
miles  an  hour.  Captain  Hewett  found  that  in  the  Pentland  Firth  the 
stream,  in  ordinary  spring  tides,  runs  ten  miles  and  a  half  an  hour,  and 
about  thirteen  miles  during  violent  storms.  The  greatest  velocity  of  the 
tidal  current  through  the  "Shoots,"  or  New  Passage,  in  the  Bristol 
Channel,  is  fourteen  English  miles  an  hour;  and  Captain  King  observed, 
in  his  recent  survey  of  the  Straits  of  Magellan,  that  the  tide  ran  at  the 
same  rate  through  the  **  First  Narrows." 

Causes  of  Currents. — That  movements  of  no  inconsiderable  magni- 
tude should  be  impressed  on  an  expansive  ocean,  by  winds  blowing  for 
many  months  in  one  direction,  may  easily  be  conceived,  when  we  observe 
the  effects  produced  in  our  own  seas  by  the  temporary  action  of  the  same 

*  Rennell  on  Currents,  p.  58. 
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cause.  It  18  well  known  that  a  strong  south-west  or  north-west  wind  in* 
▼ariably  raises  the  tides  to  an  unusual  height  along  the  east  coast  of  Eng^ 
land  and  in  the  Channel;  and  that  a  north-west  wind  of  any  continuance 
causes  the  Baltic  to  rise  two  feet  and  upwards  above  its  ordinary  leveL 
Smeaton  ascertained  by  experiment  that,  in  a  canal  four  miles  in  length, 
the  water  was  kept  up  four  inches  higher  at  one  end  than  at  the  other, 
merely  by  the  action  of  the  wind  along  the  canal ;  and  Rennell  informs 
as  that  a  large  piece  of  water,  ten  miles  broad,  and  generally  only  three 
feet  deep,  has,  by  a  strong  wind,  had  its  waters  driven  to  one  side,  and 
siMtained  so  as  to  become  six  feet  deep,  while  the  windward  side  was 
laid  dry.* 

As  water,  therefore,  he  observes,  when  pent  up  so  that  it  cannot  escape, 
acquires  a  higher  level,  so,  in  a  place  where  it  can  escape^  the  same  ope- 
ration produces  a  current;  and  this  current  will  extend  to  a  greater  or 
less  distance,  according  to  the  force  by  which  it  is  produced. 

Corrents  flowing  alternately  in  opposite  directions  are  also  occasioned 
by  the  rise  and  fall  of  the  tides.  The  effect  of  this  cause  is,  as  before 
observed,  most  striking  in  estuaries  and  channels  between  islands. 

A  third  cause  of  oceanic  currents  is  evaporation  by  solar  heat,  of  which 
the  great  current  setting  through  the  Straits  of  Gibraltar  into  the  Mediter- 
ranean is  a  remarkable  example,  and  will  be  fully  considered  in  the  next 
chapter.  A  stream  of  colder  water  also  flows  from  the  Black  Sea  into 
the  Mediterranean.  It  must  happen  in  many  other  parts  of  the  world 
that  large  quantities  of  water  raised  from  one  tract  of  the  ocean  by  solar 
heat,  are  carried  to  some  other  where  the  vapour  is  condensed  and  falls 
in  the  sh^e  of  rain,  and  this  in  flowing  back  again  to  restore  equilibrium, 
will  cause  sensible  currents. 

These  considerations  naturally  lead  to  the  inquiry,  whether  the  level  of 
contiguous  seas,  where  currents  prevail,  varies  considerably.  Arago  is  of 
opinion  that,  so  faf  as  observations  have  hitherto  been  made,  the  diflfer- 
ence  in  relative  level  is  not  great,  or  at  least  that  it  is  insufficient  to  bear 
out  the  hypothesis  that  currents  in  general  are  referable  to  the  action  oi 
prevailing  winds.  He  admits  the  important  and  remarkable  fact  that  tlie 
level  of  the  Mediterranean  near  Alexandria  is  lower,  by  twenty-six  feet 
six  inches,  than  the  Red  Sea  near  Suez  at  low  water,  and  about  thirty 
feet  lower  than  the  Red  Sea  at  the  same  place  at  high  water.  This  result 
was  obtained  during  the  French  expedition  to  Egypt,  from  the  measure- 
ments of  M.  Lep^re.t 

It  was  formerly  imagined  that  there  was  an  equal,  if  not  greater  diversity, 
in  the  relative  levels  of  the  Atlantic  and  Pacific,  on  the  opposite  sides  of 
the  isthmus  of  Panama.  But  the  leveilings  recently  carried  across  that 
isthmus  by  Mr.  Lloyd,  to  ascertain  the  relative  height  of  the  Pacific 

*  Rennell  on  the  Channel  corrent. 

f  An.  da  Boreau  dei  Long,  poor  Tan  1896. 
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Ooean  at  Panama*  and  of  the  Atlantic  at  the  mouth  of  the  river  Chagref, 
ha?e  shown«  that  the  difference  of  mean  level  between  those  oceans  If  not 
considerable,  and  contrary  to  expectation  the  difference  which  does  exiit 
if  in  favour  of  the  greater  height  of  the  Pacific.  According  to  the  r^nlt 
of  thia  survey,  on  which  great  dependence  may  be  placed,  the  men 
height  of  the  Pacific  is  three  feet  and  a  half,  or  3.52  above  the  Atlantic,  if 
we  assume  the  mean  level  of  a  sea  to  coincide  with  the  mean  beiwesn 
the  extremes  of  the  elevation  and  depression  of  the  tides ;  for  between  the 
extreme  levels  of  the  greatest  tides  in  the  Pacific,  at  Panama,  there  is  t 
difference  of  27 Ai  feet;  and  at  the  usual  spring  tides  21.22  feet :  whereai 
at  Chagres  this  difference  is  only  1.16  feet,  and  is  the  same  at  all  seasoM 
f^  the  year. 

The  tides,  in  short,  in  the  Caribbean  Sea  are  scarcely  perceptible,  not 
equalling  those  in  some  parts  of  the  Mediterranean,  whereas  the  rise  it 
very  high  in  the  Bay  of  Panama ;  so  that  the  Pacific  is  at  high  tide  lifted 
up  several  feet  above  the  surface  of  the  Gulf  of  Mexico,  and  then  at  low 
water  let  down  as  far  below  it.*  But  astronomers  are  agreed  that,  on 
mathematical  principles,  the  rise  of  the  tidal  wave  above  the  mean  level 
of  a  particular  sea  must  be  greater  than  the  fall  below  it ;  and  although 
the  difference  has  been  hitherto  supposed  insufiicient  to  cause  an  appre- 
ciable error,  it  is,  nevertheless,  worthy  of  observation,  that  the  error, 
such  as  it  may  be,  would  tend  to  reduce  the  small  difference,  now  inler- 
Ted»  from  the  observations  of  Mr.  Lloyd,  to  exist  between  the  levels  of 
the  two  oceans. 

There  is  still  another  way  in  which  heat  and  cold  roust  occasion  great 
movements  in  the  ocean,  a  cause  to  which,  perhaps,  currents  are  princi- 
pally due.  It  is  now  ascertained  that  there  is  in  sea  water  no  point,  u 
in  fresh  water,  at  which  an  increase  of  cold  causes  the  fluid  to  begin  again 
to  expand.  In  the  ocean,  therefore,  whenever  the  temperature  of  the  sur^ 
face  is  lowered,  condensation  takes  place,  and  the  superficial  water,  hav- 
ing  its  specific  gravity  increased,  falls  to  the  bottom,  upon  which  lighter 
water  rises  immediately  and  occupies  its  place.  When  this  circulation 
of  ascending  and  descending  currents  has  gone  on  for  a  certain  time  in 
high  latitudes,  the  inferior  parts  of  the  sea  are  made  to  consist  of  colder 
or  heavier  fluid  than  the  corresponding  depths  of  the  ocean  between  the 
tropics.  If  there  be  a  free  communication,  if  no  chain  of  submarine 
mountains  divide  the  polar  from  the  equatorial  basins,  a  horizontal  move- 
ment  will  arise  by  the  flowing  of  colder  water  from  the  poles  to  tho  equa- 
tor, and  there  will  then  be  a  reflux  of  warmer  superficial  water  from  the 
equator  to  the  poles.  A  well-known  experiment  has  been  adduced  to 
elucidate  this  mode  of  action  in  explanation  of  the  *«  trade  winds.'*t    If  a 

•  Phil.  Trans.,  1830,  p.  59. 

t  See  Capt.  B.  Hall'B  clear  Explanation  of  the  Theory  of  the  Trade  Winds.  Fra;- 
menta  of  Voyages,  second  seriei,  vol.  i., and  his  letter  in  the  Appendix  to  Daniellt 
Meteorology. 
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long  troaghy  divided  in  the  middle  by  a  sfaiice  or  pirtitioiiy  have  one  eni 
filled  with  water  and  the  other  with  qnicksilTery  both  flaida  will  remaitt 
qniei  ao  long  aa  they  are  divided ;  but  when  the  alaice  ia  drawn  ap,  tb^ 
heaner  fluid  will  niah  along  the  bottom  of  the  trongh,  while  tfie  llghlery 
being  diaplaeed,  will  riae,  and,  flowing  in  an  oppoaite  direction,  apread 
itself  at  the  top.  tn  like  manner  the  expansion  and  contraction  of  sesk 
water  by  heat  and  cold  have  a  tendency  to  set  under-currenta  in  motioo 
firom  the  poles  to  the  equator,  and  to  cause  counter-currents  at  the  surface, 
which  are  impelled  in  a  direction  contrary  to  that  of  the  prevailing  trade 
winds.  The  geographical  and  other  circumstances  being  very  comply 
eated,  we  cannot  expect  to  trace  separately  the  movements  due  to  each 
eauae,  but  must  be  prepared  for  many  anomaliea,  especially  as  the  con* 
figuration  of  the  bed  of  the  ocean  most  oflien  modify  and  interfere  with 
the  course  of  the  inferior  currents,  as  much  as  the  position  and  form  of 
continents  and  islands  are  found  to  alter  the  direction  of  those  on  die 
surface. 

Each  of  the  four  causes  above  mentioned,  the  wind,  the  tides,  evapo* 
ration,  and  the  expansion  and  contraction  of  water  by  heat  and  cold,  may 
be  conceived  to  operate  independently  of  the  others,  and  although  the 
influence  of  all  the  rest  were  annihilated.  But  there  ia  another  cauae, 
the  rotation  of  the  earth  on  its  axis,  which  can  only  come  into  play  when 
the  watera  have  already  been  set  in  motion  by  some  one  or  all  of  the 
forces  above  described,  and  when  the  direction  of  the  current  so  raised 
happena  to  be  from  south  to  north,  or  from  north  to  south.* 

"Hie  principle  on  which  this  cause  operates  ia  probably  familiar  to  the 
reader,  as  it  haa  long  been  recognised  in  the  case  of  the  trade  winds; 
Witfaoat  enlarging,  therefore,  on  the  theory,  it  will  be  aufficient  to  oflTer 
an  example  of  the  mode  of  action  alluded  to.  When  a  current  flows 
firom  die  Cape  of  Good  Hope  towarda  the  Gulf  of  Guinea,  it  consists  of 
a  mass  of  water,  which,  on  doubling  the  Cape,  in  lat.  36°,  has  a  rotatory 
velocity  of  about  800  miles  an  hour ;  but  when  it  reachea  the  line,  it 
arrives  at  a  parallel  where  the  surface  of  the  earth  is  whirled  round  at  the 
rate  of  1000  miles  an  hour,  or  about  200  miles  faster.t  If  this  great  mass 
of  water  was  transferred  suddenly  from  the  higher  to  the  lower  latitude, 
the  deficiency  of  its  rotatory  motion,  relatively  to  the  land  and  Water  widi 

*  In  an  interesting  eamj  in  the  United  Service  Joumal  (Dec.  1833),  an  attempt 
ia  made  to  introduce  the  earth*i  rotation  aa  a  primary  cauae  of  correnta.  Bat  the 
author  appears  to  misconceive  the  mode  in  which  alone  this  rotation  could  produce 
any  effisct,  and  reasons  aa  if  it  would  in  all  lalitndea  cause  currents  from  east  to 
west.  He  also  seems  neyer  to  have  heard  of  Mr.  Lloyd's  levellings  across  the  Isth- 
mus of  Panama,  hy  which  the  waters  of  the  Gulf  of  Mejdoo  are  proved  (if  there  he 
any  diflerence)  to  be  lower  than  the  mean  leyel  of  the  Pacific.  He  also  assumes 
erroneously  that  the  quantity  of  rain  is  greatly  in  excess  in  high  instead  of  law  lati« 
tudes. 

1  See  a  table  in  Capt.  Hall's  work,  before  oited. 


% 


944  ACTION  OF  THE  SEA  ON  [Bo«k  U. 

which  it  woald  come  into  juxtaposition,  would  be  such  as  to  eanse  in 
apparent  motion  of  the  most  rapid  kind  (of  no  less  than  200  miles  id 
hour)  from  east  to  west. 

In  the  case  of  such  a  sudden  transfer,  the  eastern  coast  of  America, 
being  carried  round  in  an  opposite  direction,  might  strike  against  a  Urge 
body  of  water  with  tremendous  violence,  and  a  considerable  part  of  the 
continent  might  be  submerged.  This  disturbance  does  not  occur,  becante 
the  water  of  the  stream,  as  it  advances  gradually  into  new  sonea  of  the 
sea  which  are  moving  more  rapidly,  acquires  by  friction  an  accellerateil 
velocity.  Yet  as  this  motion  is  not  imparted  instantaneously,  the  fluid  ii 
unable  to  keep  up  with  the  full  speed  of  the  new  surface  over  which  it  b 
successively  brought.  Hence,  to  borrow  the  language  of  Herschel,  when 
he  speaks  of  the  trade  winds,  **  it  lags  or  hangs  back,  in  a  directioo 
opposite  to  the  earth's  rotation,  that  is,  from  east  to  west,"*  and  thus  t 
current  which  would  have  run  simply  towards  the  north  but  for  the  rota- 
tion, may  acquire  a  relative  direction  towards  the  west,  or  become  t 
south-easterly  current. 

We  may  next  consider  a  case  where  the  circumstances  are  the  con- 
verse of  the  above.  The  Gulf  stream  flowing  from  about  lat.  20%  is  at 
first  impressed  with  a  velocity  of  rotation  of  about  940  miles  an  hour,  and 
runs  to  the  lat.  40°,  where  the  earth  revolves  only  at  the  rate  of  760 
miles,  or  174  miles  slower.  In  this  case  a  relative  motion  of  an  opposite 
kind  may  result:  and  the  current  may  retain  an  excess  of  rotatoiy 
velocity,  tending  continually  to  deflect  it  eastward. 

Thus  it  will  be  seen  that  the  currents  depend,  like  the  tides,  on  no  tem- 
porary or  accidental  circumstances,  but  on  the  laws  which  preside  over 
the  motions  of  the  heavenly  bodies.  But  although  the  sum  of  their  influ- 
ence in  altering'  the  surface  of  the  earth  may  be  very  constant  throughout 
successive  epochs,  yet  the  points  where  these  operations  are  displayed  in 
fullest  energy  shift  perpetually.  Tiie  height  to  which  the  tides  rise,  and 
the  violence  and  velocity  of  currents,  depend  in  a  great  measure  on  the 
actual  configuration  of  the  land,  the  contour  of  a  long  line  of  continental 
or  insular  coast,  the  depth  and  breadth  of  channels,  the  peculiar  form  of 
the  bottom  of  seas — in  a  word,  on  a  combination  of  circumstances  which 
are  made  to  vary  continually  by  many  igneous  and  aqueous  causes,  and, 
among  the  rest,  by  the  tides  and  currents  themselves.  Although  these 
agents,  therefore,  of  decay  and  reproduction  are  local  in  reference  to 
periods  of  short  duration,  such  as  those  which  history  embraces,  they  are 
nevertheless  universal,  if  we  extend  our  views  to  a  sufficient  lapse  of 
ages. 

Action  of  the  Sea  on  the  British  Coasts. — If  we  follow  the  eastern  and 
southern  shores  of  the  British  islands,  from  our  Ultima  Thule  in  Shetland 

*  Treatise  on  Astronomy,  chap.  3. 
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0  the  Land's  End  in  Cornwall,  we  shall  find  evidence  of  a  series  of 
changes  since  the  historical  era,  very  illustrative  of  the  kind  and  degree 
>f  force  exerted  by  tides  and  currents,  co<operating  with  the  waves  of  the 
lea.  In  this  survey  we  shall  have  an  opportunity  of  tracing  their  joint 
M>wer  on  islands,  promontories,  bays,  and  estuaries ;  on  bold,  lofty 
sliffs,  as  well  as  on  )ow  shores ;  and  on  every  description  of  rock  and 
loily  from  granite  to  blown  sand. 

Shetland  Jslandi.'^The  northernmost  groop  of  the  British  islands,  the 
Shetland,  are  composed  of  a  great  variety  of  rocks,  including  granite, 
ipneiss,  mica-slate,  serpentine,  greenstone,  and  many  others,  with  some 
lecondary  rocks,  chiefly  sandstone  and  conglomerate.  These  islands  arc 
exposed  continually  to  the  uncontrolled  violence  of  the  Atlantic,  for  no 
land  intervenes  between  their  western  shores  and  America.  The  preva- 
lence, therefore,  of  strong  westerly  gales  causes  the  waves  to  be  some- 
tiroes  driven  with  irresistible  force  upon  the  coast,  while  there  is  also  a 
current  setting  from  the  north.  The  spray  of  the  sea  aids  the  decompo- 
sition of  the  rocks,  and  prepares  them  to  be  breached  by  the  mechanical 
force  of  the  waves.  Steep  cliffs  are  hollowed  out  into  deep  caves  and 
iofiy  arches ;  and  almost  every  promontory  ends  in  a  cluster  of  rocks, 
imitating  the  forms  of  columns,  pinnacles,  and  obelisks. 

Drifting  of  large  Masses  of  Bock. — Modern  observations  show  that 
the  reduction  of  continuous  tracts  to  such  insular  masses  is  a  process  in 
which  Nature  is  still  actively  engaged.  '*  The  Isle  of  Stenness,'*  says 
Dr.  Hibbert,  *' presents  a  scene  of  unequalled  desolation.  In  stormy 
winters,  huge  blocks  of  stones  are  overturned  or  are  removed  from  their 
native  beds,  and  hurried  up  a  slight  acclivity  to  a  distance  almost  incredi- 
ble. In  the  winter  of  1802,  a  tabular-shaped  mass,  eight  feet  two  inches 
by  seven  feet,  and  five  feet  one  inch  thick,  was  dislodged  from  its  bed, 
and  removed  to  a  distance  of  from  eighty  to  ninety  feet.  I  measured  the 
recent  bed  from  which  a  block  had  been  carried  away  the  preceding  win- 
ter (  a.  d.  1818),  and  found  i.t  to  be  seventeen  feet  and  a  half  by  seven 
feet,  and  the  depth  two  feet  eight  inches.  The  removed  mass  had  been 
borne  to  a  distance  of  thirty  feet,  when  it  was  shivered  into  thirteen  or 
more  lesser  fragments,  some  of  which  n^ere  carried  still  farther,  from  80 
to  120  feet.  A  block  nine  feet  two  inches  by  six  feet  and  a  half,  and  four 
feet  thick,  was  hurried  up  the  acclivity  to  a  distance  of  150  feet.* 

At  Northmavine,  also,'  angular  blo<*ks  of  stone  have  been  removed  in  a 
similar  manner  to  considerable  distances  by  the  waves  of  the  sea,  some 
of  which  are  represented  in  Fig.  i4.t 

*  Descrip.  of  Shetland  Islmnds,  p.  527.     Edin.  1822. 

1  For  this  and  the  three  following  repreientationi  of  rockf  in  the  Shetland  Ivlea, 

1  am  indebted  to  Dr.  Hibbert'a  work,  before  cited,  which  if  rich  in  antiquarian  and 
geological  research. 
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Effects  of  Lightning. — In  addition  to  numerotii  examplei  of  mitin 
detached  and  driveo  by  the  wares,  (idea,  and  currents  from  iheir  pbec, 
some  remarkable  eflecla  of  lightning  are  recorded  ia  iheae  tain.  At 
Funzie,  in  Fetlar,  t!oo\xx  the  middle  oi  the  laat  century,  a  rock  of  mki- 
aohist,  lOS  feet  long,  ten  feet  broad,  and  ia  some  places  foar  fast  thick, 
waa  in  an  inatant  torn  by  a  flash  of  lightning  rrom  its  bed,  and  broken 
into  three  large,  and  aeveral  smaller,  fragments.  One  of  these,  tweaiy- 
aix  feel  long,  ten  feet  broad,  and  four  feet  thick,  waa  simply  tnnied  over. 
The  second,  which  waa  twenty-eight  feet  long,  seventeen  broad,  and  fire 
feet  in  thickness,  was  hurled  across  a  high  point  to  the  dislance  of  fifty 
yards.  Another  broken  mass,  about  forty  feet  long,  was  thrown  still 
farther,  but  in  the  same  direction,  quite  into  the  sea.  There  were  also 
many  smaller  fragraenta  scattered  up  and  down.* 

When  we  ttius  see  electricity  co-operating  with  the  violent  moTemenli 
of  the  ocean  in  heaping  up  piles  of  shattered  rocks  on  dry  land,  and  be- 
neath the  waters,  we  cannot  but  admit  that  a  region  which  shall  be  the 
theatre,  for  myriads  of  agea,  of  the  action  of  such  disturbing  causes,  might 
present,  at  some  future  period,  if  upraised  far  above  the  bosom  of  the 
deep,  a  scene  of  havoc  and  ruin  that  may  compare  with  any  now  found 
by  the  geologist  on  the  aurface  of  our  continents. 

In  some  of  ihe  Shetland  Isles,  as  ou  the  west  of  Meikle  Roe,  dikes,  or 
veins  of  soft  granite,  have  mouldered  away  ;  white  the  matrix  in  which 
they  were  inclosed,  being  of  the  same  subslano^bul  of  a  firmer  texture, 
haa  remained  unaltered.  Thus,  long  narrow  ravines,  sometimes  Iwenty- 
feet  wide,  are  laid  open,  and  often  give  access  to  tlie  waves.  After 
describing  some  huge  cuvernous  apertures  into  which  the  sea  flows  for 
SSO  feet  in  Roeness,  Dr.  Hibberl  enumerates  other  ravages  of  the  ocean. 
"  A  mass  of  rock,  the  average  dimensions  of  which  may  perhaps  be  rated 
at  twelve  or  thirteen  feet  square,  and  four  and  a  half  or  five  in  thickness, 

-  Dr.  Hibberl,  from  MSB.  of  Rev.  George  Low,  of  Fedar. 


b.  Vt.J  THB  SHETLAND   ULAHOS.  347 

ras  first  movtfd  Trom  iia  bail,  about  fifty  yean  ago,  to  a  diatance  of  thirty 
>et,  and  haa  since  been  twice  tamed  OTer." 

Pottage  farced  by  tktua  through  porphyrilie  rocks.— *'  But  the  moat 
ublime  scene  is  where  a  mural  pile  of  porphyry,  escaping  the  process  of 
iaintegraiion  that  is  derasMting  the  coast,  appears  to  have  been  left  as  a 
'Ort  or  rampan  against  the  inroads  of  the  ocean  ; — the  Atlantic,  when 
■roToked  by  wintry  gales,  batters  against  it  with  all  the  force  of  real 
rtillery— ihe  waves  having,  in  their  repealed  astanlii,  forced  themselves 
in  entrance,  rhia  breach,  named  the  Gnnd  of  tlie  Navir  (Fig  16.),  is 
ridened  every  winter  by  the  overwhelming  surge  that,  finding  a  passage 

Fig  15 


Orimd  ^  tlu  Jfavir — Pmagt  forced  ht/  Ike  tea  Ikrougk  rodu  iff  hard  fOrpkgTg. 

through  it.  separates  large  stones  from  lis  sides,  and  farces  them  to  a  dis- 
tance of  no  less  than  180  feet.  In  two  or  three  spots,  the  fragments 
which  have  been  detached  are  brought  together  in  immense  heaps,  that 
ippear  aa  an  accumulation  ofciibical  masses,  the  product  of  aome  quarry."* 
It  ia  evident,  from  this  example,  that  although  the  greater  indestructi- 
bility of  some  rocks  may  enable  them  to  withstand,  for  a  loogcr  time,  the 
action  of  the  elements,  yet  they  cannot  permanently  resist.  There  are 
localities  in  Shetland.  In  which  rocks  of  almost  every  variety  of  mineral 
composition  are  suffering  disintegration ;  thus  the  sea  makes  great  inroads 
on  the  clay  slate  of  Fitfel  Head,  on  the  serpentine  of  the  Tonl  Hill  in 
Petlar,  and  on  the  mica-achiat  of  the  Bay  of  Trieala,  on  the  eaal  coast  of 
the  aame  island,  which  decomposes  into  angular  blocks.  The  quartz 
rock  on  the  east  of  Walla,  and  the  gneia  and  mica-schist  of  Garthness, 
suffer  the  same  faie. 

'  HibbeTt,p.59S. 
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Btilruetim  of  Iilanda-Smb  devMtation  cannot  be  inoewMilly  md- 
milled  for  thousands  of  years  wilhout  dividing  islands,  until  thoy  beccu 
Bl  last  mere  clusien  of  rocks,  the  last  ihreds  of  masses  o 


OrmmtU  Toekt  noawd  Uu  DnmgM,  befBeat  Pafa  Sbmr  mi  SOtitUk,  Mm. 
To  this  State  many  appear  to  have  been  reduced,  and  innnmeimble  fan- 
taBtic  forms  are  assumed  by  rocks  adjoining  these  iaiuids,  to  which  thi 
name  of  Drongs  is  applied,  as  it  is  to  those  of  similar  shape  in  Peroe. 

Tlie  granitic  rocks  (Fig.  16.)  between  Paps  Slour  and  Hillswick  Nesi 
aflbrcl  an  example.  A  slill  more  singular  cluster  of  rocks  ta  seen  to  the 
suuih  of  Hillswick  Ness  (Fig.  17.)  which  presents  &  variety  of  forms,  as 
viewed  from  different  points,  and  haa  ofleo  been  likened  to  a  small  fleet 
of  vessels  with  spread  sails.*  We  may  imagine  that  in  the  course  of 
lirae  Hillswiclt  Ness  itself  may  present  a  similar  wreck,  from  the  uneqiisl 


Granilc  rocki  to  the  nmik  of  HUlneUk  }fa;  ShUland. 


decomposiiion  of  the  rocks  whereof  it  is  composed,  consisting  of  gneiu 
and  mica-schist,  traversed  in  all  directions  by  veins  of  felspar  porphyry. 
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Midway  between  the  groups  of  Shetland  and  Orkney  is  Faiir  Uand, 
aid  to  be  composed  of  sandstone  with  high  perpeiKiicular  clifils.  Th^ 
urrent  runs  with  such  velocity,  that  during  a  calm*  and  when  there  is  na 
well,  the  rocks  on  its  shores  are  white  with  tlie  foam  of  the  sea  driven 
gainst  them.  The  Orkneys,  if  carefully  examined,  woukl  probably 
llustrate  our  present  topic  as  much  as  the  Shetland  group.  The  north- 
asl  promontory  of  Sanda,  one  of  these  islands,  has  been  cut  off  in 
aodern  times  by  the  sea,  so  that  it  became  what  is  now  called  Start 
aland,  where  a  lighthouse  was  erected  in  1807,  since  which  time  the 
lew  strait  has  grown  broader. 

EoMi  coast  of  Scotland. — ^To  pass  over  to  the  main  land  of  Scotland 
ve  find  that,  in  Inverness-shire,  there  have  been  inroads  of  the  sea  at 
^ort  George,  and  others  in  Morayshire,  which  have  swept  away  the  old 
own  of  Findhom*  On  the  coast  of  Kincardineshire,  an  illustration  was 
ifforded,  at  the  close  of  the  last  century,  pf  the  effect  of  promontories  in 
irotccting  a  line  of  low-shore.  The  village  of  Mathers,  two  miles  south 
»f  Johnshaven,  was  built  on  an  ancient  shingle  beach,  protected  by  a  pro- 
ecting  ledge  of  limestone  rock.  This  was  quarried  for  lime  to  such  an 
extent,  that  the  sea  broke  through,  and  in  1795  carried  away  the  whole 
tillage  in  one  night,  and  penetrated  150  yards  inland,  where  it  has  main- 
ained  its  ground  ever  since,  the  new  village  having  been  built  farther 
oland  on  the  new  shore.  In  the  Bay  of  Montrose,  we  find  the  North 
Ssk  and  the  South  Esk  rivers  pouring  annually  into  the  sea  large  quan- 
ities  of  sand  and  pebbles,  yet  they  have  formed  no  deltas ;  for  the  tides 
leonr  out  the  channels ;  and  the  current,  setting  across  their  mouths* 
tweeps  away  all  the  materials.  Considerable  beds  of  shingle,  brought 
lown  by  the  North  Esk,  are  seen  along  tlie  beach* 

Proceeding  southwards,  we  find  that  at  Arbroath,  in  Forfar8|)iire,  which 
itands  on  a  rock  of  red  sandstone,  gardens  and  houses  have  been  carried 
iway  within  the  last  tliirty  years  by  encroachments  of  the  sea*  It  has 
lecome  necessary  to  remove  the  lighthouses  at  the  mouth  of  the  estuary 
»f  the  Tay,  in  the  same  county,  at  Button  Ness,  which  were  built  on  a 
ract  of  blown  sand,  the  sea  having  encroached  for  three-quarters  of  a 
aile. 

Force  of  Wovcm  and  Cumnis  in  E8luanea.~^The  cpmbined  power 
rhich  waves  and  currents  can  exert  in  estuaries  to  considerable  depths* 
ras  remarkably  exhibited  during  the  building  of  tlie  Bell  Rock  Light* 
louse,  off  the  mouth  of  the  Tay.  The  Bell  Rock  is  a  spnken  reef,  con- 
isting  of  red  sandstone,  being  from  twelve  to  sixteen  feet  under  the 
urface  at  high  water,  and  about  twelve  miles  from  the  mainland.  At 
he  distance  of  100  yards,  there  is  a  depth,  in  all  directions,  of  two  or 
hree  fathoms  at  low  water.  In  1S07,  during  the  erection  of  the  light- 
louse,  six  large  blocks  of  granite,  which  had  been  landed  on  the  reef, 
rere  removed  by  the  force  of  the  sea*  and  thrown  qve^  a  fmi9g  ledge  to 
Vol.  L— 2  O 
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the  distance  of  twelve  or  fifteen  paces ;  and  an  anchor,  weighing  about 
22ewt.,  was  thrown  up  upon  the  rock.*  Mr.  Stevenson  informs  w, 
moreover,  that  drift  stones,  measuring  upwards  of  thirty  cubic  feet,  or 
more  than  two  tons  weight,  have,  during  storms,  been  often  throwa  upon 
the  rock  from  the  deep  water.t 

Submarine  forests. — ^Among  the  proofs  that  the  sea  has  encroached 
both  on  the  estuaries  of  the  Tay  and  Forth,  may  be  mentioned  the  sab- 
marine  forests  which  have  been  traced  for  several  miles  by  Dr.  Flemb^, 
along  the  margins  of  those  estuaries  on  the  north  and  south  shores  of  the 
county  of  Fife.}  The  alluvial  tracts,  however,  on  which  such  foreiti 
grow,  generally  occupy  spaces  which  may  be  said  to  be  in  dispote 
between  the  river  and  the  sea,  and  to  be  alternately  lost  and  won.  Ethh 
aries  (a  term  which  we  confine  to  inlets  entered  both  by  rivers  and  tidei 
of  the  sea)  have  a  tendency  to  become  silted  up  in  parts  ;  bat  the  same 
tracts,  after  remaining  dry,  perhaps,  for  thousands  of  years,  are  agsio 
liable  to  be  overflowed,  for  they  are  always  low,  and,  if  inhabited,  moit 
generally  be  secured  by  artificial  embankments.  Meanwhile  the  sea 
devours,  as  it  advances,  the  high  as  well  as  the  low  parts  of  the  coait, 
breaking  down,  one  aAer  another,  the  rocky  bulwarks  which  protect  the 
mouths  of  estuaries.  The  changes  of  territory,  therefore,  within  the 
general  line  of  coast  are  all  of  a  subordinate  nature,  in  no  way  tending  lo 
aiirest  the  march  of  the  great  ocean,  nor  to  avert  the  destiny  evantnailj 
awaiting  the  whole  region ;  they  are  like  the  petty  wan  and  conqnesti 
of  the  independent  states  and  republics  of  Greece,  while  the  power  of 
Macedon  was  steadily  pressing  on,  and  preparing  to  swallow  up  the 
whole. 

On  the  coast  of  Fife,  at  St.  Andrew's,  a  tract  of  land  which  intervened 
between  the  castle  of  Cardinal  Beaton  and  the  sea,  has  been  entirely 
swept  away,  as  were  the  last  remains  of  the  Priory  of  Crail,  in  the  same 
county,  in  1803.  On  both  sides  of  the  Frith  of  Forth,  land  has  been 
consumed  ;  at  North  Berwick  in  particular,  and  at  Newhaven,  where  an 
arsenal  and  dock,  built  in  the  reign  of  James  IV.,  in  the  fifteenth  century, 
has  been  overflowed. 

East  coast  of  England. — ^If  we  now  proceed  to  the  English  coast,  we 
find  records  of  numerous  lands  having  been  destroyed  at  Northumberland, 
as  those  near  Bamborough  and  Holy  Island,  and  at  Tynemouth  Castle, 
which  now  overhangs  the  sea,  although  formerly  separated  from  it  by  a 
strip  of  land.  At  Hartlepool,  and  several  other  parts  of  the  coast  of  DQ^ 
ham  composed  of  magnesian  limestone,  the  sea  has  made  considerable 
inroads. 

Coast  of  Yorkshire, — ^Almost  the  whole  coast  of  Yorkshire,  from  the 

*  Account  of  the  Erection  of  the  Bell  Rock  Lighthouse,  p.  163. 

t  Ed.  Phil.  Journ.  vol.  iu.  p.  54.    1820. 

X  Quart.  Journ.  of  Sci.,  dkc,  No.  zxxi.    JT.  S.  March,  1830. 
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louth  of  the  Tees  to  that  of  the  Hamber*  is  in  a  state  of.  gradual  dilapi- 
atioD.  That  part  of  the  cliffs  which  consists  of  lias*  the  oolite  serieSf 
nd  chalky  decays  slowly.  They  present  abrupt  and  naked  precipicesy 
»(Wn>  800  feet  in  height ;  and  it  is  only  at  a  few  points  that  the  grassy 
overing  of  the  sloping  talus  marks  a  temporary  relaxation  of  the  erosi?e 
leiion  of  the  sea.  The  chalk  clifis  are  washed  into  cares  in  the  project- 
ug  headland  of  Flamborough,  where  they  are  decomposed  by  the  salt 
iprayt  and  slowly  crumble  away.  But  the  waste  is  most  rapid  between 
hal  promontory  and  Spurn  Point,  or  the  coast  of  Holdemess,  as  it  is 
salledv  a  tract  consisting  of  beds  of  clay,  gravel,  sand,  and  chalk  rubble* 
rha  irregular  intermixture  of  the  argillaceous  beds  causes  many  springs 
o  be  thrown  out,  and  this  facilitates  the  undermining  process,  the  waves 
Mating  against  them,  and  a  strong  current  setting  chiefly  from  the  north. 
The  wasteful  action  is  very  conspicuous  at  Dimlington  Height,  the  loftiest 
mint  in  Holdemess,  where  the  beacon  stands  on  a  cliff  146  feet  above 
ligh  water,  the  whole  being  composed  of  clay,  with  pebbles  scattered 
hrough  it.* 

In  the  old  maps  of  TorkshirCf  we  find  spots,  now  sand-banks  in  the 
lea,  marked  as  the  ancient  sites  of  the  towns  and  villages  of  Auburn, 
Sartbum,  and  Hyde.  **  Of  Hyde,"  says  Pennant, '«  only  the  tradition 
B  left ;  and  near  the  village  of  Hornsea,  a  street  called  Hornsea  Beck  has 
ong  since  been  swallowed."t  Owthorne  and  its  church  have  also  been 
n  great  part  destroyed,  and  the  village  of  Kilnsea ;  but  these  places  are 
low  removed  farther  inland.  The  rate  of  encroachment  at  Owthorne,  at 
iresent,  is  about  four  yards  a  ytar,X  Not  unreasonable  fears  are  enter- 
ained  that  at  some  future  time  the  Spurn  Point  will  become  an  island^ 
lod  that  the  ocean,  entering  into  the  estuary  of  the  Humber,  will  cause 
[leat  devastation.§  Pennant,  afler  speaking  of  the  silting  up  of  some 
incient  ports  in  that  estuary,  observes,  "  But,  in  return,  the  sea  has  made 
noet  ample  reprisals;  the  site,  and  even  the  very  names  of  several 
>laces,  once  towns  of  note  upon  the  Humber,  are  now  only  recorded  in 
listory ;  and  Ravensper  was  at  one  time  a  rival  to  Hull  (Madox,  Ant. 
Sxch.  i.  422),  and  a  port  so  very  considerable  in  1882,  that  Edward 
)aliol  and  the  confederated  English  barons  sailed  from  hence  to  invade 
Scotland  ;  and  Henry  IV.,  in  1399,  made  choice  of  this  port  to  land  at, 
0  effect  the  deposal  of  Richard  II.;  yet  the  whole  of  this  has  long  since 
Men  devoured  by  the  merciless  ocean :  extensive  sands,  dry  at  low  water, 
le  to  be  seen  in  their  stead.*'! 


*  Phillips*!  Geology  of  Yorkshire,  p.  61. 

t  Arctic  Zoology,  toI.  i.  p.  10.    Introduction. 

X  For  thi^  information  I  am  indebted  to  Mr.  Fhilfips,  of  York. 

§  Phillips's  Geology  of  Yorkshire,  p.  60. 

II  Arct.  Zool.  vol.  i.  p.  13.    Introduction. 
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Ptbnant  devdribes  6puni  Head  m  a  proniODtorj  in  Uio  form  of  •  nekK 
•nd  sayii  the  land,  for  some  miles  to  the  north,  was  *'  perpevuinf  piejei 
on  by  the  fury  of  the  German  Soa*  which  devours  whole  eonss  at  a  tim^ 
and  expoees  on  die  shores  considerable  quantities  of  beautiful  amber.*'* 

Accorciing  to  Bergtnann»  a  strip  of  land,  with  several  villages,  was  or 
ried  away  near  the  moudi  of  the  Humber  in  1475. 

^fiieo/n«Atre.— The  maritime  district  of  Lincolnshird  consiala  ehisij 
of  lands  that  lie  below  the  level  of  the  sea,  being  protected  by  embaik* 
ments.  Great  parts  of  this  fenny  tract  were,  at  some  unknown  period, i 
woody  country,  but  were  afterwards  inundated,  and  are  now  apis 
reeorered  from  the  sea.  Some  of  the  fens  were  embanked  and  draiaed 
by  the  Romans ;  but  after  their  departure  the  sea  returned,  and  largt 
tracts  were  covered  with  beds  of  silt  containing  marine  ahells,  now  agtis 
converted  into  productive  lands.  Many  dreadful  catastrophes  are  leeorded 
by  incursions  of  the  sea,  whereby  several  parishes  have  been  at  diflbnat 
times  overwhelmed. 

Norfolk. — We  come  next  to  the  cliffs  of  Norfolk  and  Suffolk,  where 
the  decay  is  in  general  incessant  and  rapid.  At  Hunstanton,  on  the  north, 
the  undermining  of  the  lower  arenaceous  beds  at  the  foot  of  tlia  dif 
causes  masses  of  red  and  white  chalk  to  be  precipitated  from  abon. 
Between  Hunstanton  and  Weybourne,  low  hills,  or  dunes,  of  Uowi 
sand,  are  formed  along  the  shore,  from  fifty  to  sixty  feet  high.  I'key 
are  composed  of  dry  sand,  bound  in  a  compact  mass  by  the  long  creeping 
roots  of  the  plant  called  Marram  (Arundo  arenaria.)  Such  is  the  preseot 
set  of  the  tides,  that  the  harbours  of  Clay,  Wells,  and  other  places,  are 
securely  defended  by  these  barriers  ;  affording  a  clear  proof  that  it  is  not 
the  strength  of  the  material  at  particular  points  that  determines  whether 
the  sea  shall  be  progressive  or  stationary,  but  the  general  contour  of  the 
coast. 

The  waves  constantly  undermine  the  low  chalk  clifis,  covered  with 
sand  and  clay,  between  Weybourne  and  Sherringham,  a  certain  portion 
of  them  being  annually  removed.  At  the  latter  town  I  ascertained,  in 
1820,  some  facts  which  throw  light  on  the  rate  at  which  the  sea  gains 
upon  the  land.  It  was  computed,  when  the  present  inn  was  built,  in 
1805,  that  it  would  require  seventy  years  for  the  sea  to  reach  the  spot: 
the  mean  loss  of  land  being  calculated,  from  previous  observations,  to  be 
somewhat  less  than  one  yard  annually.  The  distance  between  the  house 
and  the  sea  was  fifty  yards ;  but  no  allowance  was  made  for  the  slope  of 
the  ground  being  from  the  sea,  in  consequence  of  which,  the  waste  was 
naturally  accelerated  every  year,  as  the  cliff  grew  lower,  there  being  at 
each  succeeding  period  less  matter  to  remove  when  portions  of  equal  area 
fell  down.     Between  the  years  1824  and  1829,  no  less  than  seventeen 

*  Arot.  Zool.  vol.  i.  p.  13.    Introdaction. 


h.  ¥1.]       THE  BA8T  COAST  OF   BHGLAHD.  t68 

ardfl  Were  swept  awaj,  and  only  a  small  gvden  was  then  left  between 
le  building  and  the  sea.  There  is  now  a  depth  of  twenty  feet  (suffix 
ient  to  float  a  frigate)  at  one  point  in  the  harbour  of  that  port,  where^ 
nlj  fortj'^ight  years  ago,  there  stood  a  cliff  fifty  feet  high,  with  houses 
pon  it !  If  once  in  half  a  century  an  equal  amount  of  change  were  pro- 
uced  suddenly  by  the  momentary  shock  of  an  earthquake,  history  would 
•  filled  with  records  of  such  wonderful  revdlntions  of  the  earth's  sur^ 
tee  I  but,  if  the  conversion  of  high  land  into  deep  sea  be  gradual,  it 
scites  only  local  attention.  The  flag-staff  of  the  Preventive  Service 
tmtion,  on  the  south  side  of  this  harbour,  has,  within  the  last  fifteen 
'ears,  been  thrice  removed  inland,  in  consequence  of  the  advance  of  the 
es. 

Farther  to  the  south  we  find  cliffs,  composed,  like  those  of  Holdemess 
lefore  mentioned,  of  alternating  strata  of  blue  clay,  gravel,  loam,  and  fine 
and*  Although  they  sometimes  exeeed  200  feet  in  height,  the  havoc 
nade  on  the  coast  is  most  formidable.  The  whole  site  of  ancient  Cromer 
kow  forms  part  of  the  German  Ocean,  the  inhabitants  having  gradually 
etreated  inland  to  their  present  situation,  from  whence  the  sea  still 
bieatens  to  dislodge  them.  In  the  winter  of  1825,  a  fallen  mass  was 
^recipated  from  near  the  lighthouse,  which  covered  twelve  acres,  extend- 
sg  lar  into  the  sea,  the  cliffs  being  260  feet  in  height.*  The  undermining 
ij  epriogs  has  sometimes  caused  large  portions  of  the  upper  part  of  the 
lifis,  with  houses  still  standing  upon  them,  to  give  way,  so  that  it  is  impos* 
ible,  by  erecting  breakwaters  at  the  base  of  the  cliffs,  permanently  to  ward 
iflf  the  danger. 

On  the  same  coast,  the  ancient  villages  of  Shipden,  Wimpwell,  and 
Secies,  have  disappeared ;  several  manors  and  large  portions  of  neigh* 
Kraring  parishes  having,  piece  after  piece,  been  swallowed  up ;  nor  has 
here  been  any  intermission,  from  time  immemorial,  in  the  ravages  of  the 
tea  along  a  line  of  coast  twenty  miles  in  length,  in  which  these  places 
itood.t  Hills  of  blown  sandf  between  Eccles  and  Winterton,  have  barred 
ip  and  excluded  the  tide  for  many  hundred  years  from  the  mouths  of 
leveral  small  estuaries ;  but  there  are  records  of  nine  breaches  from  20 
o  120  yards  wide,  having  been  made  through  these,  by  which  immense 
lamage  was  done  to  the  low  grounds  in  tlie  interior.  A  few  miles  south 
it  Uappisburgh,  also,  are  hills  of  blown  sand,  which  extend  to  Yar- 
Douth;  and  these  are  supposed  to  protect  the  coast,  but  in  fact  their 
brmation  proves  that  a  temporary  respite  of  the  incursions  of  the  sea  on 
his  part  is  permitted  by  the  present  set  of  the  tides  and  currents.  Were 
t  otherwise,  the  land,  as  we  have  seen,  would  give  way,  tliough  made  of 
olid  rock. 

*  TaykMr'v  Geology  of  Ettt  Norfolk,  p.  38.  t  IMd. 
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Silting  up  of  E9tuafi€9.-^kX  Ttrmouth,  the  8ea  hat  noi  advanced 
upon  the  sands  in  the  slightest  degree  since  the  reign  of  Elizabeth.  In 
the  time  of  the  Saxons,  a  great  estuary  extended  as  far  as  Norwidi, 
which  city  is  represented,  even  in  the  thirteenth  and  fourteenth  centuiies, 
as  **  situated  on  the  hanks  of  an  arm  of  the  sea."  The  sands  wheiwm 
Yarmouth  is  huilt  first  became  firm  and  habitable  ground  abont  the  yen 
1008,  from  which  time  a  line  of  dunes  has  gradually  increased  in  heiglit 
and  breadth,  stretching  across  the  whole  entrance  of  the  ancient  eettiaiyf 
and  obstructing  the  ingress  of  the  tides  so  completely,  that  they  are  oaly 
admitted  by  the  narrow  passage  which  the  river  keeps  open,  and  which 
has  gradually  shifted  several  miles  to  the  south.  The  ordinary  tides  at 
the  river's  mouth  rise,  at  present,  only  to  the  height  of  three  or  four  feet, 
the  spring  tides  to  about  eight  or  nine. 

By  the  exclusion  of  the  sea  thousands  of  acres  in  the  interior  have 
become  cultivated  lands;  and,  exclusive  of  smaller  pools,  upwardl-<ef 
sixty  fresh-water  lakes  have  been  formed,  varying  in  depth  from  fiflaea 
to  thirty  feet,  and  in  extent  from  1  acre  to  1200.*  Tlie  Tare,  aad 
other  rivers,  frequently  communicate  with  these  sheets  of  water;  aad 
thus  they  are  liable  to  be  filled  up  gradually  with  lacustrine  and  iifii' 
tile  deposits,  and  to  be  converted  into  land  covered  with  forests.  When 
the  sea  at  length  returns  (for  as  the  whole  coast  gives  way,  this  nut 
inevitably  happen  sooner  or  later),  these  tracts  will  be  again  submerged, 
and  submarine  forests  may  then  be  found,  as  along  the  margins  of  many 
estuaries.t 

Yarmouth  does  not  project  beyond  the  general  line  of  coast  which  hai 
been  rounded  off  by  the  predominating  current  from  the  north-west.  It 
must  not  be  imagined,  therefore,  that  the  acquisition  of  new  land  fit  for 
cultivation  in  Norfolk  and  Suffolk  indicates  any  permanent  growth  of  the 
eastern  limits  of  our  island,  to  compensate  its  reiterated  losses.  No  deUa 
can  form  on  such  a  shore. 

That  great  banks  should  be  thrown  across  the  estuary  of  the  Yare,  or 
any  other  estuary  on  our  eastern  coast,  where  there  is  not  a  large  body 
of  river-water  to  maintain  an  open  channel,  is  perfectly  intelligible,  when 
we  bear  in  mind  that  the  marine  current,  sweeping  along  the  coast,  is 
charged  with  the  materials  of  wasting  cliffs,  and  ready  to  form  a  bar  any- 
where, the  instant  its  course  is  interrupted  or  checked  by  any  opposing 
stream.  The  mouth  of  the  Yare  has  been,  within  the  last  five  centuries, 
diverted  about  four  miles  to  the  south;  so  it  is  evident  that  at  some 
remote  period  the  river  Aide  entered  the  sea  at  Aldborough,  until  its 
ancient  outlet  was  barred  up  and  at  length  transferred  to  a  point  no  less 

•  Taylor's  Geology  of  East  Norfolk,  p.  10. 

\  For  remarks  on  the  origin  of  Submarine  Forests,  see  Book  III.  chap.  16. 
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han  ten  miles  distant  to  the  south-west.  In  this  case  ridges  of  sand  and 
hingle  like  those  of  Lowestoff  Ness,  which  will  be  described  by-and-by, 
lave  been  thrown  up  between  the  river  and  the  sea;  and  an  ancient  sea- 
ilift  is  to  be  seen,  now  inland. 

It  may  be  asked  why  the  rivers  on  our  east  coast  are  always  defleetad 
loathwards,  although  the  tidal  current  flows  alternately  from  the  south  and 
north  ?  The  cause  is  to  be  found  in  the  superior  force  of  what  is  com- 
monly called  **  the  flood  tide  from  the  north,"  a  tidal  wave  derived  from 
the  Atlantic,  a  small  part  of  which  passes  eastward  up  the  English  Chan- 
nel, and  through  the  Straits  of  Dover  and  then  northwards,  while  the 
principal  body  of  water,  moving  much  more  rapidly  in  a  more  open  sea, 
Srst  passes  the  Orkneys,  and  then  turning,  flows  down  between  Norway 
and  Scotland,  and  sweeps  with  great  velocity  along  our  eastern  coast.  It  is 
well  known  that  the  highest  tides  on  this  coast  are  occasioned  by  a 
powerful  north-west  wind,  which  raises  the  eastern  part  of  the  Atlantic, 
and  causes  it  to  pour  a  greater  volume  of  water  into  the'German  Ocean. 
This  circumstance  of  a  violent  off'Shore  wind  being  attended  with  a  rise 
of  the  waters,  instead  of  a  general  retreat  of  the  sea,  naturally  excites  the 
mmder  of  the  inhabitants  of  our  coast.  In  many  districts  they  look  with 
confidence  for  a  rich  harvest  of  that  valuable  manure,  the  sea-weed,  when 
the  north-westerly  gales  prevail,  and  are  rarely  disappointed.  The  phe- 
nomenon is  so  well  calculated  to  awaken  curiosity,  that  I  have  heard  the 
eaose  discussed  by  peasants  and  fishermen;  and  more  than  once  they 
have  hazarded  a  theory  of  their  own  to  account  for  it.  The  most  inge- 
nious idea  which  I  have  heard  suggested  was  this :  a  vast  body  of  surface 
irater,  say  they,  is  repelled  by  the  wind  from  the  shore,  which  afterwards 
returns,  in  order  to  restore  the  level  of  the  sea ;  by  this  means  a  strong 
under-current  is  produced,  which  tears  up  the  weed  from  the  bed  of  the 
lea,  and  casts  it  ashore.  The  true  explanation,  however,  of  the  pheno- 
menon is  doubtless  that  above  mentioned. 

Coast  of  Suffolk.— The  clifls  of  Sufiblk,  to  which  we  next  pro- 
seed,  are  somewhat  less  elevated  than  those  of  Norfolk,  but  composed  of 
•imilar  alternations  of  clay,  sand,  and  gravel.  From  Godeston  in 
BoflTolk,  to  within  a  few  miles  north  of  Lowestoff,  the  cllft  are  slowly 
undermined.  Near  the  last-mentioned  town,  there  is  an  inland  cliff 
about  sixty  feet  high,  the  sloping  talus  of  which  is  coveted  with  turf  and 
beath.  Between  the  cliff  and  the  sea  is  a  low,  flat  tract  of  sand,  called 
the  Ness,  nearly  three  miles  long,  and  for  the  most  part  out  of  the  reach 
of  the  highest  tides.  The  point  of  the  Ness  projects  from  the  base  of  the 
original  cliff  to  the  distance  of  660  yards.  This^accession  of  land,  says 
Mr.  Taylor,  has  been  effected  at  distinct  and  distant  intervals,  by  the 
influence  of  currents  running  between  the  land  and  a  shoal  about  a  mile 
off  Lowestoff,  called  the  Holm  Sand.  The  lines  of  growth  in  the  Ness 
are  indicated  by  a  series  of  concentric  ridges  or  embankments  inclosing 
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Fig.  18 


Map  of  Lowtstoff NtsSy  Suffolk* 

a,  a.    The  dotted  lines  ezpreis  a  ■eries  of  ridgei  of  sand  and  ahingle,  fermiag  the 
extremity  of  the  triangular  space  called  the  Ness. 

bf  bf  b.    The  dark  line  represents  the  inland  cliff  on  which  the  town  of  Lowestoff 
stands,  between  which  and  the  sea  is  the  Ness. 

limited  areas,  and  several  of  these  ridges  have  been  formed  within  the 
observation  of  persons  now  living.  A  rampart  of  heavy  materials  is  fint 
thrown  up  to  an  unusual  altitude  by  some  extraordinary  tide,  attended 
with  a  violent  gale.  Subsequent  tides  extend  the  base  of  this  high 
bank  of  shingle,  and  the  interstices  are  then  filled  with  sand  blown  from 
the  beach.  The  Arundo  and  other  marine  plants  by  degrees  obtain  a 
footing;  and  creeping  along  the  ridge,  give  solidity  to  the  mass,  and  fomi 
in  some  cases  a  matted  covering  of  turf.  Meanwhile  another  roonnd  is 
forming  externally,  which  by  the  like  process  rises  and  gives  protection  to 
the  first.  If  the  sea  forces  its  way  through  one  of  the  external  and 
incomplete  mounds,  the  breach  is  soon  repaired.  After  a  while  tlie 
marine  plants  within  the  areas  inclosed  by  these  embankments  are  suc- 
ceeded by  a  better  species  of  herbage,  afiurding  good  pasturage,  and  the 
sands  become  sufficiently  firm  to  support  buildings.! 

Deslruciion  of  Dunwich  by  the  Sea, — The  sea  undermines  the  high 
cliffs  near  Gorton,  a  few  miles  north  of  Lowestoff,  as  also  two  miles  soudi 
of  tlie  same  town,  at  Pake6eld,  a  village  which  has  been  in  part  swept 
away  during  the  present  century.  From  thence  to  Dunwich  the  destruc- 
tion is  constant.  At  the  distance  of  250  yards  from  the  wasting  cliff  at 
Pakefield,  where  we  must  suppose  land  to  have  existed  at  no  remote 
period,  the  sea  is  sixteen  feet  deep  at  low  water,  and  in  the  roadstead  be- 
yond, twenty-four  feet.  Of  the  gradual  destruction  of  Dunwich,  once  the 
most  considerable  seaport  on  this  coast,  we  have  many  authentic  records* 
Gardner  in  his  history  of  that  borough,  published  in  1754,  shows,  by 
reference  to  documents  beginning  with  Doomsday  Book,  that  the  cliffs  at 
Dunwich,  Southwold,  Eastern,  and  Pakefield,  have  been  always  subject 
to  wear  away.  At  Dunwich,  in  particular,  two  tracts  of  land  which  had 
been  taxed  in  the  eleventh  century,  in  the  time  of  King  Edward  tlie  Con- 

•  From  Mr.  R.  C.  Taylor's  Mem.,  see  below. 

t  The  formation  of  the  Ness  is  well  described  by  Mr.  R.  C.  Taylor,  Phil.  Maf ., 
p.  2^.     Oct.  18^. 
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feasor,  are  mentioned,  in  the  Gonqneror's  survey,  made  bnt.a  few  years 
afterwards,  as  having  been  devoured  by  the  sea.  The  losses,  at  a  subse- 
quent period,  of  a  monastery, — at  another  of  several  churches,— afterwards 
of  the  old  port,— then  of  400  houses  at  once, — of  the  charebof 
St.  Leonard,  the  high  road,  town-hall,  gaol,  and  many  other  hniMii^pi 
are  mentioned,  with  the  dates  when  they  perished.  It  is  stated  tkilv  ift 
the  sixteenth  century,  not  one  quarter  of  the  town  was  left  standing ;  yet 
the  inhabitants  retreating  inland,  the  name  was  preserved,  as  has  been 
the  ease  with  many  other  ports,  when  their  ancient  site  has  been  blotted 
out.  There  is,  however,  a  church,  of  considerable  antiquity,  still  stand- 
ing, the  last  of  twelve  mentioned  in  some  records.  In  1740,  the  laying 
open  of  the  churchyard  of  St.  Nicholas  and  St.  Francis,  in  the  sea-cliffs, 
is  well  described  by  Gardner,  with  the  coffins  and  skeletons  exposed  to 
view — some  lying  on  the  beach,  and  rocked-— 

''  In  cradle  of  the  rude  imperioof  surge." 

Of  these  cemeteries  no  remains  can  now  be  seen.  Ray  also  8ays»  *<  that 
ancient  writings  make  mention  of  a  wood  a  mile  and  a  half  to  the  east  of 
Dunwich,  the  site  of  which  must  at  present  be  so  far  within  the  sea."* 
This  city,  once  so  flourishing  and  populous,  is  now  a  small  village,  with 
about  twenty  houses,  and  one  hundred  inhabitants. 

There  is  an  old  tradition,  *<  that  the  tailors  sat  in  their  shops  at  Dun- 
wich, and  saw  the  ships  in  Yarmouth  Bay ;"  but  when  we  consider  how 
far  the  coast  at  Lowestoff  Ness  projects  between  these  places,  we  cannot 
give  credit  to  the  tale,  which,  nevertheless,  proves  how  much  the  inroads 
of  the  sea  in  times  of  old  had  prompted  men  of  lively  imagination  to  in- 
dulge their  taste  for  the  marvellous. 

Gardner's  description  of  the  cemeteries  laid  open  by  the  waves  remind 
us  of  the  scene  which  has  been  so  well  depicted  by  Bewick,t  and  of 
which  numerous  points  on  the  same  coast  might  have  suggested  the  idea. 
On  the  verge  of  a  cliff,  which  the  sea  has  undermined,  are  represented 
the  unshaken  tower  and  western  end  of  an  abbey.  The  eastern  aisle  is 
gone,  and  the  pillars  of  the  cloister  are  soon  to  follow.  The  waves  have 
almost  isolated  the  promontory,  and  invaded  the  cemetery,  where  they 
have  made  sport  with  the  mortal  relics,  and  thrown  up  a  skull  upon  the 
beach.  In  the  foreground  is  seen  a  broken  tombstone,  erected,  as  its 
legend  tells,  **  to  perpetuate  the  memory  of  one  whose  name  is  obliterated, 
as  is  that  of  the  county  for  which  he  was  <  Gustos  Rotulorum.' "  A  cor- 
morant is  perched  on  the  monument,  defiling  it,  as  if  to  remind  some 
moraliser,  like  Hamlet,  of  '*  the  base  uses"  to  which  things  sacred  may 
be  turned.     Had  this  excellent  artist  desired  to  satirise  certain  popular 

*  ConBeqaenees  of  the  Delage,  Phys.  Theol.  Diicoanes. 
t  History  of  BriUsh  Birds,  Toi.  U.  p.  S90.    Ed.  1821. 
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tfieoriei  of  geology,  he  might  have  inscribed  the  stone  to  the  manory  «f 
some  philosopher  who  taught  **  the  peimanencj  of  existing  continenls"— 
*'  the  era  of  repose*'— -**  the  impotence  of  modem  causes.'* 

South  of  Dunwich  are  two  cliffs,  called  Great  and  Little  Cat  Cii£ 
That  irhich  bears  the  name  of  Great  has  become  the  smaller  of  the  two, 
and  is  only  fifteen  feet  high,  the  more  elevated  portion  of  the  hill  haring 
been  earned  away ;  on  the  other  hand,  the  Lesser  Cat  Cliff  baa  gained  ii 
importance,  for  the  sea  has  here  been  cutting  deeper  into  a  hill  whidi 
slopes  towards  it.  But  at  no  distant  period,  the  anoient  names  will  agtin 
become  appropriate,  for  at  Great  Cliff  the  base  of  another  hill  wOl  soon 
be  reached,  and  at  Little  Cat  Cliff  the  sea  will,  at  i^HMit  the  aanieiine, 
arrive  at  a  valley. 

The  incursions  of  the  sea  at  Aldborough  were  formeriy  very  destnct* 
ive,  and  this  borough  is  known  to  have  been  once  sitoatod  a  qnarler  of  t 
mile  east  of  the  present  shore.  The  inhabitants  continued  to  build  fa^ 
ther  inland,  till  they  arrived  at  the  extremity  of  their  property,  and  then 
the  town  decayed  greatly ;  but  two  sand-banks,  tlirown  up  at  a  short  dis- 
tance, now  afford  a  temporary  safeguard  to  the  coast.  Between  theie 
banks  and  the  present  shore,  where  the  current  now  flows,  the  sea  ii 
twenty-four  feet  deep  on  the  spot  where  the  town  formeriy  stood. 

Continuing  our  survey  of  the  Suffolk  coast  to  the  souUiward,  we  find 
that  the  cliffs  of  Bawdsey  and  Felixtow  are  foundering  slowly,  and  thit 
&e  point  on  which  Landguard  Fort  is  built  suffers  gradual  decay.  It  ap- 
pears that,  within  the  memory  of  persons  now  living,  the  Orwell  river 
continued  its  course  in  a  more  direct  line  to  the  sea,  and  entered  to  the 
north  instead  of  the  south  of  the  low  bank  on  which  the  fort  last  men- 
tioned is  built. 

Eisex. — Harwich,  in  Essex,  stands  on  an  isthmus,  which  will  proba- 
bly become  an  island  in  little  more  than  half  a  centory;  for  the  sea  wiD 
then  have  made  a  breach  near  Lower  Dover  Court,  should  it  continue  to 
advance  as  rapidly  as  it  has  done  during  the  last  fifty  years.  Within  ten 
years,  there  was  a  considerable  space  between  the  battery  at  Harwich, 
built  twenty-three  years  ago,  and  the  sea ;  part  of  the  fortification  has 
already  been  swept  away,  and  the  rest  overhangs  the  water.  Since  the 
year  1807,  a  field  called  the  Vicar's  Field,  which  belonged  to  the  living 
of  Harwich,  has  been  totally  annihilated.* 

At  Walton  Naze,  in  the  same  county,  the  cliffs,  composed  of  London 
clay,  capped  by  the  shelly  sands  of  the  crag,  reach  the  height  of  about 
100  feet,  and  are  annually  undermined  by  the  waves.  The  old  church- 
yard of  Walton  has  been  washed  away,  and  the  cliffs  to  the  south  are 
constantly  disappearing. 

Kent. — hie  of  Sheppey. — On  the  coast  bounding  the  estuary  of  the 

•  On  authority  of  Dr.  Mitchell,  F.  G.  S. 
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IliBmM,  then  an  numerous  ezamplea  both  of  the  gain  and  loaa  of  Und. 
Pbe  Isle  of  Sheppey,  which  ii  now  tboat  aix  milea  long  by  four  ib 
ireadth,  ia  compoaad  of  London  clay.  The  cliffa  on  the  niurth,  wbidi 
ire  from  lixiy  to  eighty  feet  high)  decay  rapidly,  fifty  acrea  hanng  been 
oat  within  the  laat  twenty  yeara.  The  ohureh  at  HinateVf  new  neai  ibt 
ioaat,  ia  said  to  have  been  in  the  middle  of  the  ialand  fifty  yeara  ago  ;* 
ind  it  has  been  conjectured  that,  at  the  present  rate  of  deaimction,  the 
vh<de  iale  will  be  annihilated  in  about  half  a  century.  On  the  coaat  of 
he  mainland  to  the  east  of  Sheppey  ia  Heme  Bay ;  a  place  atill  retainuig 
ha  name  of  a  bay,  although  it  ia  no  longer  appropriate,  as  the  wavea  and 
nirrenta  have  awept  away  the  ancient  headlands.  There  was  formerly  a 
nnsU  promontory  in  the  line  of  the  shoals  where  the  present  pier  ia  built, 
)y  which  the  larger  bay  waa  dirided  into  two,  called  th«  Upper  and 
Lower.t 

Still  farther  eaat  stands  the  church  of  RecnWer,  upon  a  cliff  composed 
if  clay  and  sand,  about  twenty  feet  high.  BecuWer  (Regulnum),  was  an 
raportant  military  atalion  in  the  time  of  the  Romans,  and  appeara,  from 
Ldand's  account,  to  have  been,  so  late  as  Henry  Vlll.'a  leign,  nearly  one 
nile  distant  from  the  sea. 

rig.  ]». 


Viem  of  RuidvtT  Charek,  taitK  m  Ita  year  1781. 
.  Uhs  of  Sheppey. 

.  Annent  cbspel  now  deitrojed.  The  cottage  between  this  oh&pel  and  the  riiff 
WM  demoHibed  bj  the  >e>,  in  1789. 

Dthe  "Gentleman's  Magazine,"  there  ia  a  view  of  tt,  taken  in  178 1, 
rhich  still  represents  a  considerable  apace  as  intervening  between  the 
orth  wall  of  the  churchyard  and  the  cliff.J  Some  time  before  the  year 
780,  the  waves  had  reached  the  site  of  the  ancient  Rotnan  camp,  or  for- 

*  For  tfaii  iafornution  I  un  indebted  to  W.  Onnnet,  Eiq. 
t  On  thesuthohty  of  W.RicbudM>n,|^.,F.  O.S. 
t  Vol.  ii.  New  8erie>,  1809,  p.  801. 
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lifintioDt  the  walli  or  which  had  conlinDsd  for  KTml  yean  tttn  tbqr 
wen  nndenDined  to  overhang  the  mi,  being  firmly  cemented  into  ow 
nasa.  They  were  eighty  yards  nearer  the  eea  than  the  chnrch,  and  tbcy 
are  epoken  at  in  the  "  Topograph  tea  Biitannica"  in  the  year  ITMiM 
having  recently  bUen  down.  In  1804,  part  of  the  ehuichyard  with  lOM 
ng.SO. 


Hetulver  Church,  in  1B34. 
adjoining  hooies  waa  washed  away,  and  the  ancient  ehurcbt  with  its  two 
lofty  spires,  a  well  known  land-mark,  vaa  diamanlled  and  abandoned  U 
a  place  of  worship.  It  ia  still  standing  (1834,)  but  would  probably  have 
been  annihilated  ere  this,  had  not  the  force  of  the  waves  been  cheeked  bf 
an  artificial  causeway  of  stones  and  large  wooden  piles  driven  into  the 
Bands  to  break  the  force  of  the  waves.' 

Me  of  Thantt. — The  isle  of  Thanet  was,  in  the  lime  of  the  Romans, 
separated  from  the  rest  of  Kent  by  a  navigable  channel  through  which 
the  Roman  fleets  sailed  on  their  way  to  and  from  London.  Bede  describes 
this  small  estuary  as  being,  in  the  beginning  of  the  eighth  century,  three 
furlongs  in  breadth;  and  it  is  supposed  that  it  began  to  grow  shallow 
about  the  period  of  the  Norman  conquest.  It  was  so  far  silled  up  in  the 
year  1485,  that  an  act  was  then  obtained  to  build  a  bridge  acroas  it;  and 
it  has  since  become  marsh  land,  with  small  streams  running  through  iL 
On  the  coast,  Bedlam  Farm,  belonging  to  the  hospital  of  that  name,  hu 
lost  eight  acres  in  the  last  twouly  years,  the  land  being  composed  of 

*  Dr.  Hitchell,  Pii>ceedin(*  of  G«ol.  Soc.  vol.  ii.  No.  I. 
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wlk  from  forty  to  fifly  feet  abov«  the  level  of  the  wa.  It  has  been  com' 
lied,  that  the  arenge  waat«  of  the  cliff  between  the  North  Foreland  and 
le  Beenlvera,  a  iliatance  of  about  eleven  milea,  ia  not  leaa  liian  tvo  feet 
n  uinam.  The  chalk  cliffs  on  the  aouih  of  Thanet,  between  Rsmsgate 
id  Powell  Bay,  have  on  an  average  loat  three  feet  per  annom  for  the 
in  laat  yeara  (preceding^  1830). 

Oaodwin  Stmdt, — The  Goodwin  Sanda  lie  oppoaite  tbia  part  of  the 
ientieh  coast.  They  are  about  ten  miles  in  length,  and  are  in  lome  parti 
iree,  and  in  othera  aeven  milea  distant  from  the  shore ;  and,  for  a  certain 
nee,  ere  laid  bare  at  low  water.  That  they  are  a  remnant  of  land,  and 
Dl  "a  mere  accnmulation  of  aea  sand,"  as  Rennell  imagined,*  may  be 
retnmed  from  the  fact  that,  when  the  erection  of  a  lighthouse  on  this 
kmI  wa>  in  contemplation  by  the  Trinity  Board  in  the  year  1817,  it 
■aa  feand.  by  borings,  that  the  bank  consisted  of  filteen  feet  of  sand, 
lating  on  bine  clay.  An  obacnre  tradition  has  come  down  to  ns,  thai 
le  estate*  of  Earl  Goodwin,  the  father  of  Harold,  who  died  in  the  year 
953,  were  situated  here,  and  some  hare  conjectured  tliat  they  were  over- 
helmed  by  the  flood  mentioned  in  the  Saxon  chronicle,  tub  anno  1099. 
1w  last  ramaina  of  an  island,  consisting,  like  Sheppey,  of  clay,  may 
■rhaps,  have  been  carried  away  about  Uiat  time. 
There  are  other  records  of  waste  in  the  county  or  Kent,  as  at  Deal ; 
id  at  Dover,  where  Shakspeare'a  cliff,  composed  entirely  of  chalk,  baa 
iffered  gready,  and.  continually  dimtniabea  in  height,  the  slope  of  the 
ill  being  towards  the  land.  About  the  year  1810  there  was  an  immense 
indslip  from  this  cliff,  by  which  Dover  was  ahaken  as  if  by  an  earth- 
nakei  and  a  still  greater  one  in  ITT2.t 


Shiktptart-i  Clif  in  IBSC,  *tat  from  tk*  JfarA-tiut. 
'  G«og.;af  Harod.  vol.  ii.  p.  396  I  Dodsby's  Ann.  RagisL  1778. 
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Strait8  ofDover.'^ln  proceeding  from  the  northern  parti  of  the  Q«> 
man  Ocean  towards  the  Straits  of  Dover,  the  water  becomes  gradnaDj 
m^re  shallow,  so  that  in  the  distance  of  about  200  leagues  we  pan  firoB 
a  depth  of  120,  to  that  of  68,  38, 24,  and  18  fathoms.  lo  the  same  am- 
ner  the  English  Channel  deepens  progressively  from  Dover  to  its  entranee, 
formed  by  the  Land^s  End  of  England,  and  the  Isle  of  Usfaant  on  the 
Coast  of  France ;  so  that  the  strait  between  Dover  and  Calais  may  be 
said  to  part  two  seas.* 

Whether  England  was  formerly  united  with  France  has  oAen  been  t 
favourite  subject  of  speculation ;  and  in  1763  a  society  at  Amiens  pro- 
posed this  as  a  subject  of  a  prize  essay,  which  was  gained  by  the  ede* 
brated  Desmarest,  then  a  young  man.  He  founded  his  principal  arga* 
ments  on  the  identity  of  composition  of  the  cliffs  on  the  opposite  sides  of 
the  channel,  on  a  sub-marine  chain  extending  from  Boulogne  to  Folks* 
stone,  only  fourteen  feet  under  low  water,  and  on  the  identity  of  the 
noxious  animals  in  England  and  France,  which  could  not  have  swum 
across  the  Straits,  and  would  never  have  been  introduced  by  man.  He 
also  attributed  the  rupture  of  the  isthmus  to  the  preponderating  violeoee 
of  the  current  from  the  north.t  It  will  hardly  be  disputed  that  the  oeeu 
might  have  effected  a  breach  through  the  land  which,  in  all  probalnlity, 
once  united  this  country  to  the  Continent,  in  the  same  manner  as  it  now 
gradually  forces  a  passage  through  rocks  of  the  same  mineral  compositioBf 
and  often  many  hundred  feet  high,  upon  the  coast 

Although  the  time  required  for  such  an  operation  was  probably  very 
great,  yet  we  cannot  estimate  it  by  reference  to  the  present  rate  of  waste 
on  both  sides  of  the  channel ;  for  when,  in  the  thirteenth  century,  the 
sea  burst  through  the  isthmus  of  Staveren,  which  formerly  united  Fries- 
land  with  North  Holland,  it  opened,  in  about  one  hundred  years,  a  strait 
more  than  half  as  wide  as  that  which  divides  England  from  France,  after 
which  the  dimensions  of  the  new  channel  remained  almost  stationary. 
The  greatest  depth  of  the  straits  between  Dover  and  Calais  is  twenty-nine 
fathoms,  which  exceeds  only  by  one  fathom  the  greatest  depth  of  the 
Mississippi  at  New  Orleans.  If  the  moving  column  of  water  in  the  great 
American  river,  which,  as  was  before  mentioned,  does  not  flow  rapidly, 
can  maintain  an  open  passage  to  that  depth  in  its  alluvial  accumulations, 
still  more  might  a  channel  of  the  same  magnitude  be  excavated  by  the 
resistless  force  of  the  tides  and  currents  of  *'  the  ocean  stream," 

In  framing  these  speculations,  however,  we  must  not  overlook  the  great 
effects  which  particular  combinations  of  causes  might  produce  without 

•  Stevenson  on  the  Bed  of  the  German  Ocean. — Ed.  Phil.  Journ.,  No.  v.  p.  45. 
t  Cnvier,  Eloge  de  Desmareit. 
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riolence.  The  chalk  supposed  in  this  instance  to  have  been  removed, 
W9B  of  ilielf  a  marine  deposit,  and  must  at  some  period  have  emerged 
from  the  deep.  It  may  have  been  upraised  gradually,  as  the  coast  of 
Bweden,  with  the  bed  of  the  adjacent  ocean  and  Baltic  sea,  are  now 
rising  ;*  or  there  may  have  been  oscillations  of  level  in  the  lands  once 
connecting  France  and  England.  In  that  case,  and  especially  if  the 
movements  were  slow,  a  great  amount  of  excavation  may  have  been  pro- 
duced by  a  comparatively  feeble  power  exerted  by  waves  and  currents 
CBlting  through  successive  portions  of  the  chalk  as  it  emerged.  And  here 
I  may  mention,  that  strata  of  chalky  rubble  and  sand  found  at  the  base  of 
the  cliffs  near  Dover  and  Brighton,  seem  to  indicate  some  changes  in  the 
relative  level  of  sea  and  land  since  our  coasts  acquired  a  considerable  part 
of  their  actual  height  and  contour.t 

Al  Folkestone,  the  sea  undermines  the  chalk  and  subjacent  strata. 
About  the  year  1716  there  was  a  remarkable  sinking  of  a  tract  of  land 
near  the  sea,  so  that  houses  became  visible  at  points  near  the  shore  from 
whence  they  could  not  be  seen  previously.  In  the  description  of  this 
sobridence  in  the  Philosophical  Transactions,  it  is  said,  **  that  the  land 
consisted  of  a  sdid  stony  mass  (chalk),  resting  on  wet  clay  (gault),  so 
that  it  slid  forwards  towards  the  sea,  just  as  a  ship  is  launched  on  tallow- 
ed planks."  It  is  also  stated  that,  within  the  memory  of  persons  then 
living,  the  cliff  there  had  been  washed  away  to  the  extent  of  ten  rods4 

Elncroachments  of  the  sea  at  Hythe  are  also  on  record ;  but  between 
this  point  and  Rye  there  has  been  a  gain  of  land  within  the  times  of  his- 
tory;  the  rich  level  tract  called  Romney  Marsh,  or  Dungeness,  about  ten 
milee  in  width  and  five  in  breadth,  and  formed  of  silt,  having  received 
great  accession.  It  has  been  necessary,  however,  to  protect  it  from  the 
sea,  from  the  earliest  periods,  by  embankments,  the  towns  of  Lydd  and 
Romney  being  the  only  parts  of  the  marsh  above  the  level  of  the  highest 
tide8.$  These  additions  of  land  are  exactly  opposite  that  part  of  the 
English  Channel  where  the  conflicting  tide-waves  from  the  north  and 
south  meet ;  for,  as  that  from  the  north  id,  for  reasons  already  explained,  the 
most  powerful,  they  do  not  neutralize  each  other's  force  till  they  arrive 
at  this  distance  from  the  straits  of  Dover.  Rye,  on  the  south  of  this 
tract,  was  once  destroyed  by  the  sea,  but  it  is  now  two  miles  distant  from 
it.  The  neighbouring  town  of  Winchelsea  was  destroyed  in  the  reign  of 
Edward  I.,  the  mouth  of  the  Rother  stopped  up,  and  the  river  diverted 
into  another  channel.  In  its  old  bed  an  ancient  vessel,  apparently  a 
Dutch  merchantman,  was  recently  found.  It  was  built  entirely  of  oak, 
and  much  blackened.  ||  Large  quantities  of  hazel-nuts,  peat,  and  wood 
are  found  in  digging  in  Romney  marsh. 

*  See  Book  ii.  chap.  17.  t  See  Book  iv.  chap.  22. 

t  Phil.  Trans.,  1716.  §  On  the  authority  of  Sir.  J.  Mexyon,  of  Rye. 

II  Edin.  Joum.  of  Sci.,  No.  xiz.  p.  56. 
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SotUh  Cooit  of  England.-^To  pass  over  some  points  near  Hastingty 
where  the  cliffs  have  wasted  at  several  periods,  we  arrive  at  the  promoD- 
tory  of  Beachy  Head.  Here  a  mass  of  chalk,  three  hundred  feet  in 
length,  and  from  seventy  to  eighty  in  breadth,  fell,  in  the  year  ISIS,  with 
a  tremendous  crash ;  and  similar  slips  have  since  been  frequent.^ 

5^9ex.— About  a  mile  to  the  west  of  the  town  of  Newhaven  the  ra- 
mains  of  an  ancient  entrenchment  are  seen,  on  the  brow  of  Cattle  HOL 
This  earth-work,  supposed  to  be  Roman,  was  evidently  once  of  eonside^ 
able  extent  and  of  an  oval  form,  but  the  greater  part  has  been  cut  away. 
The  cliffs,  which  are  undermined  here,  are  high ;  more  than  one  hondrsd 
feet  of  chalk  being  covered  by  tertiary  clay  and  sand,  from  siity  to 
seventy  feet  in  thickness.  In  a  few  centuries  the  last  vestiges  of  tiii 
plastic  clay  formation  on  the  southern  borders  of  the  chalk  of  the  Soath 
Downs  on  this  coast  will  be  annihilated,  and  future  geologists  will  lean, 
from  historical  documents,  the  ancient  geographical  boundaries  of  this 
group  of  strata  in  that  direction.  On  the  opposite  side  of  the  estoary  of 
the  Ouse,  on  the  east  of  Newhaven  harbour,  a  bed  of  shingle,  composed 
of  chalk  flints,  derived  from  the  waste  of  the  adjoining  cliffs,  had  sceomn- 
lated  at  Seaford  for  several  centuries.  In  the  great  storm  of  November, 
1824,  this  bank  was  entirely  swept  away,  and  the  town  of  Seaford  inoo- 
dated.   Another  great  beach  of  shingle  is  now  forming  from  fresh  material!. 

The  whole  coast  of  Sussex  has  been  incessantly  encroached  upon  Vf 
the  sea  from  time  immemorial ;  and,  although  sudden  inundations  only, 
which  overwhelmed  fertile  or  inhabited  tracts,  are  noticed  in  history,  the 
records  attest  an  extraordinary  amount  of  loss.  During  a  period  of  do 
more  than  eighty  years,  there  are  notices  of  about  twenty  inroads,  in 
which  tracts  of  land  of  from  twenty  io  four  hundred  acres  in  extent  were 
overwhelmed  at  once ;  the  value  of  the  tithes  being  mentioned  by  Nicho- 
las, in  his  Taxatio  Ecclesiastica.t  In  the  reign  of  Elizabeth,  the  town  of 
Brighton  was  situated  on  that  tract  where  the  chain  pier  now  extend* 
into  the  sea.  In  the  year  1665  twenty-two  tenements  had  been  destroyed 
under  the  cliff.  At  that  period  there  still  remained  under  the  cliff  113 
tenements,  the  whole  of  which  were  overwhelmed  in  1703  and  1705. 
No  traces  of  the  ancient  town  are  now  preceptible,  yet  there  is  evidence 
that  the  sea  has  merely  resumed  its  ancient  position  at  the  base  of  the 
cliffs,  the  site  of  the  old  town  having  been  merely  a  beach  abandoned  by 
the  ocean  for  ages. 

Hampshire — Isle  of  Wight. — It  would  be  endless  to  allude  to  all  the 
localities  on  the  Sussex  and  Hampshire  coasts  where  the  land  has  given 
way  ;  but  I  may  point  out  the  relation  which  the  geological  structure  of 
the  Isle  of  Wight  bears  to  its  present  shape,  as  attesting  that  the  cout 


•  Webster,  Geol.  Trans.,  vol.  ii.  p.  192. 
X  Mantell,  Geology  of  Susiez,  p.  293. 
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owes  its  outline  to  the  continued  action  of  the  eea.  Through  the  middle 
of  the  island  runs  a  high  ridge  of  chalk  strata,  in  ^  vertical  position,  and 
in  a  direction  east  and  west.  This  chalk  forms  the  projecting  promontory 
of  CuWer  Cliff  on  the  east,  and  of  the  Needles  on  the  west;  while  San- 
down  Bay  on  the  one  side,  and  Compton  Bay  on  the  other,  have  heen 
hollowed  out  of  the  softer  sands  and  argillaceous  strata,  which  are  inferior 
to  the  chalk. 

The  same  phenomena  are  repeated  in  the  Isle  of  Purbeck,  where  the 
line  of  vertical  chalk  forms  the  projecting  promontory  of  Uandfast  Point; 
and  Swanage  Bay  marks  the  deep  excavation  made  by  tlie  waves  in  the 
softer  strata,  corresponding  to  those  of  Sandown  Bay. 

HurH'CkuiU  Bank, — The  entrance  of  the  channel  called  the  Solent  is 
becoming  broader  by  the  waste  of  the  cliffs  in  Colwell  Bay ;  it  is  crossed 
for  more  than  two-thirds  of-its  width  by  the  shingle  bank  of  Hurst  Castle, 
which  is  about  seventy  yards  broad  and  twelve  feet  high,  presenting  an 
inclined  plane  to  the  west.  This  singular  bar  consists  of  a  bed  of 
rounded  chalk  flints,  resting  on  a  submarine  argillaceous  base.  The 
flints  and  a  few  other  pebbles,  intermixed,  are  exclusively  derived  from 
the  waste  of  Hordwell,  and  other  cliffs  to  the  westward,  where  tertiary 
strata,  capped  with  a  covering  of  chalk  flints,  from  five  to  iiiiy  feet  thick, 
are  rapidly  undermined. 

Storm  of  Nov.  1824. — In  the  great  storm  of  November,  1824,  this 
bank  of  shingle  was  moved  bodily  forwards  for  forty  yards  towards  the 
north-east;  and  certain  piles  which  served  to  mark  the  boundaries  of  two 
manors,  were  found,  after  the  storm,  on  the  opposite  side  of  the  bar.  At 
the  same  time  many  acres  of  pasture  land  were  covered  by  shingle,  on 
the  farm  of  Westover,  near  Lymington. 

The  cliffs  between  Uurst  Shingle  Bar  and  the  mouth  of  the  Stour  and 
Avon  are  undermined  continually.  Within  the  memory  of  persons  now 
living,  it  has  been  necessary  thrice  to  remove  the  coast-road  farther  inland. 
The  tradition,  therefore,  is  probably  true,  that  the  church  of  Hordwell 
was  once  in  the  middle  of  that  parish,  although  now  very  near  the  sea. 
The  promontory  of  Christ  Church  Head  gives  way  slowly.  It  is  the 
only  point  between  Lymington  and  Poole  Harbour  in  Dorsetshire,  where 
any  hard  stony  masses  occur  in  the  cliff.  Five  layers  of  large  ferrugi- 
nous concretions,  somewhat  like  the  septaria  of  the  London  clay,  have 
occasioned  a  resistance  at  this  point,  to  which  we  may  ascribe  this  head- 
land. In  the  meantime,  the  waves  have  cut  deeply  into  the  soft  sands 
and  loam  of  Poole  Bay ;  and,  after  severe  frosts,  great  landslips  take 
place,  which,  by  degrees,  become  enlarged  into  narrow  ravines,  or 
chines,  as  they  are  called,  with  vertical  sides.  One  of  these  chines  near 
Boscomb,  has  been  deepened  twenty  feet  within  a  few  years.  At  the 
head  of  each  there  is  a  spring,  the  waters  of  which  have  been  chiefly 
Vol.  I.— 2  I 
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Instnimental  in  producing  these  narrow  ezcavationsy  whieh  are  MHetiiMi 
from  100  to  160  feet  deep. 

hie  of  Portland. — ^The  peninsulas  of  Purbeck  and  Portland  bib  con- 
tinually wasting  away.  In  the  latter,  the  soft  argillaoeous  sobitraton 
(Kimmeridge  clay)  hastens  the  dilapidation  of  the  saperincumbent  nun 
of  limestone. 

In  1666  the  cliffs  adjoining  the  principal  quarries  in  Portland  gaTC  way 
to  the  extent  of  100  yards,  and  fell  into  the  sea;  and  in  I>eceniber,  1734, 
a  slide  to  the  extent  of  160  yards  occurred  on  the  east  side  of  iha  ids,  hf 
which  several  skeletons,  buried  between  slabs  of  stone,  were  diaeofersd. 
But  a  much  more  memorable  occurrence  of  this  nature,  in  1708,  ocei- 
sioned  probably  by  the  undermining  of  the  cliffs,  is  thus  described  in 
Hutchins*s  History  of  Dorsetshire :  **  Early  in  the  morning  the  road  wsi 
observed  to  crack :  this  continued  Increasing,  and  before  two  o*cloek  the 
ground  had  sunk  several  feet,  and  was  in  one  continued  motion,  but 
attended  with  no  other  noise  than  what  was  occasioned  by  the  aeparttioR 
of  the  roots  and  brambles,  and  now  and  then  a  falling  rock.  At  night  it 
seemed  to  stop  a  little,  but  soon  moved  again ;  and  before  rooming,  the 
ground,  from  the  top  of  the  cliff"  to  the  waterside,  had  sunk  in  some 
places  fif\y  feet  perpendicular.  The  extent  of  ground  that  moved  wai 
about  a  mile  and  a  quarter  from  north  to  south,  and  600  yards  from  east 
to  west. 

Formation  of  the  Cltesil  Bank. — Portland  is  connected  with  the  ntiB 
land  by  the  Chesil  Bank,  a  ridge  of  shingle  about  seventeen  miles  ia 
length,  and,  in  most  places,  nearly  a  quarter  of  a  mile  in  breadth.  The 
pebbles  forming  this  immense  barrier  are  chiefly  of  limestone ;  but  there 
are  many  of  quartz,  jasper,  chert,  and  other  substances,  all  loosely  thrown 
together.  What  is  singular,  they  gradually  increase  in  size  (rotn  west 
to  east — from  the  Portland  end  of  the  bank  to  that  which  attachefl  to  the 
main  land.  The  formation  of  this  bar  may  probably  be  ascribed,  like 
that  of  Hurst  Castle,  to  a  meeting  of  tides,  or  to  a  submarine  shoal  or 
reef  between  the  peninsula  and  the  land.  We  have  seen  that  slight 
obstructions  in  the  course  of  the  Ganges  will  cause,  in  the  course  of  a 
man's  life,  islands  many  times  larger  than  the  whole  of  Portland,  and 
which,  in  some  cases,  consist  of  a  column  of  earth  more  than  100  feet 
deep.  In  like  manner  those  transported  materials  which  are  annually 
swept  away  from  large  tracts  of  our  coast,  may  give  rise,  wherever  they 
encounter  any  impediment  in  their  course,  to  banks  of  sand  and  shingle 
many  miles  in  length.  The  course  of  the  shingles  in  Dorsetshire,  and 
on  the  shores  of  Sussex  and  Kent,  appears  to  be  from  west  to  east,  the 
prevalent  winds,  and,  consequently,  the  chief  forces  of  the  waves,  being 
in  that  direction.*     The  storm  of  1824  burst  over  the  Chesil  Bank  with 

*  Bee  Palmer  on  Motion  of  Shingle  Beaches,  Phil.  Trans.,  1834,  p.  568. 
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great  fury,  and  the  village  of  Chesiltony  built  upon  its  southern  extremity* 
was  OYerwhelmed,  with  many  of  the  inhabitants*  The  fundamental  rocks 
whereoQ  the  shingle  rests  are  found  at  the  depth  of  a  few  yards  only 
below  the  level  of  the  sea. 

This  same  storm  carried  away  part  of  the  Breakwater,  at  Plymouth, 
and  huge  masses  of  rock  from  two  to  five  tons  in  weight,  were  lifted 
from  the  bottom  of  the  weather  side,  and  rolled  fairly  to  the  top  of  tlie 
pile.  One  block  of  limestone,  weighing  seven  tons,  was  washed  round 
the  western  extremity  of  the  Breakwater,  and  carried  150  feet.*  It  was 
in  the  same  month,  and  also  during  a  spring-tide,  that  a  great  flood  is 
mentioned  on  the  coasts  of  England,  in  the  year  1099.  Florence  of 
Worcester  says,  **  Ou  the  third  day  of  the  nones  of  Nov.  1099,  the  sea 
came  out  upon  the  shore,  and  buried  towns  and  men  very  many,  and 
oxen  and  sheep  innumerable."  We  also  read  in  the  Saxon  Chronicle, 
already  cited,  for  the  year  1099,  **  This  year  eke  on  St.  Martin's  mass 
day,  the  11th  of  Novembre,  sprung  up  so  much  of  the  sea  flood,  and  so 
myckle  harm  did,  as  no  man  minded  tliat  it  ever  afort^  did,  and  there  was 
the  ylk  day  a  new  moon." 

Dartelshire — Devonshire — Cornu^o//.—- At  Lyme  Regis,  in  Dorset^ 
aliire,  the  **  Church  Cliffs,"  as  they  are  called,  consisting  of  lias  about 
100  feet  in  height,  have  gradually  fallen  away,  at  the  rate  of  one  yard 
a  year,  since  ISOO.t  The  clifls  of  Devonshire  and  Cornwall,  which 
are  chiefly  composed  of  hard  rocks,  decay  less  rapidly.  Near  Penzance 
io  Cornwall,  there  is  a  projecting  tongue  of  land,  called  the  **  Green," 
(brmed  of  granitic  sand,  from  which  more  than  thirty  acres  of  pasture 
land  have  been  gradually  swept  away  in  the  course  of  the  last  two  or 
three  centuries.:^  It  is  also  said  that  St.  MichaeFs  Mount,  now  an  insular 
rock,  was  formerly  situated  in  a  wood,  several  miles  from  the  sea ;  and 
its  old  Cornish  name  (Caraclowse  in  Cowse)  signifies,  according  to 
Carew,  the  Hoare  Rock  in  the  Wood.$  Between  the  Mount  and  New* 
lyn  there  is  seen  under  the  sand  black  vegetable  mould,  full  of  hazel  nuts, 
and  the  branches,  leaves,  roots,  and  trunks  of  forest  trees,  all  of  indige- 
nous species.  This  vegetable  stratum  has  been  traced  seaward  as  far  as 
the  ebb  permits,  and  seems  to  indicate  some  ancient  estuary  on  that 
shore. 

lyadiiion  of  loss  of  land  in  Cornwall, — The  oldest  historians  mention 
a  celebrated  tradition  in  Cornwall,  of  the  submersion  of  the  Lionnesse,  a 
country  which  formerly  stretched  from  the  Laud's  End  to  the  Scilly 

*  De  la  Beche,  Geol.  Man.  p.  82. 

t  Thii  ground  was  measured  by  Dr.  Carpenter  of  Ljme,  in  1800,  and  again  in 
1889,  as  I  am  informed,  by  Miea  Mary  Anning  of  Lyme,  well  known  by  her  diico- 
Teriea  in  foaail  remainr. 

I  Boaae,  Trans.  Royal  Geol.  Soc.  of  Cornwall,  vol.  ii.  p.  139. 

§  Ibid.  p.  135. 
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Islands.  The  tract,  if  it  existed,  must  have  been  thirty  miles  in  length, 
and  perhaps  ten  in  breadth.  The  land  now  remaining  on  citlier  side  is 
from  200  to  300  feet  high ;  the  intervening  sea  about  300  feet  deep. 
Although  there  is  no  evidence  for  this  romantic  tale,  it  probably  origi- 
nated in  some  catastrophe  occasioned  by  former  inroads  of  the  Atlantic 
upon  this  exposed  coast.* 

West  cocui  of  England,~^Hfiving  now  brought  together  an  ample  bodj 
of  proofs  of  the  destructive  operations  of  the  waves,  tides,  and  currents, 
on  our  eastern  and  southern  shores,  it  will  be  unnecessary  to  enter  into 
details  of  changes  on  the  western  coast,  for  they  present  merely  a  repeti- 
tion of  the  same  phenomena,  and  in  general  on  an  inferior  scale.  On  the 
borders  of  the  estuary  of  the  Severn  the  flats  of  Somersetshire  and  Gloo- 
cestcrshire  have  received  enormous  accessions,  while,  on  the  other  hand, 
submarine  forests  on  the  coast  of  Cheshire  and  Lancashire  indicate  the 
overflowing  of  alluvial  tiacts.  Since  the  year  1764,  the  coast  of  Cheshire 
between  the  rivers  Mersey  and  Dee  has  lost  many  hundred  yards,  and 
some  affirm  more  than  half  a  mile,  by  the  advance  of  the  sea  open  the 
abrupt  cliffs  of  red  clay  and  marls.  Within  the  period  above  mentioned 
several  light-houses  have  been  successively  abandoned.!  There  are  tra- 
ditions in  Pembrokeshire:^  and  Cardiganshire§  of  far  greater  losses  of 
territory  than  that  which  the  Lionnesse  tale  of  Cornwall  pretends  to  eom* 
memorate.  They  are  all  important,  as  demonstrating  that  the  earliest 
inhabitants  were  familiar  with  the  phenomenon  of  incursions  of  the  sea. 

Loss  of  land  on  the  coast  of  /Vance— The  French  coast,  particularly 
that  of  Brittany,  where  the  tides  rise  to  an  extraordinary  height,  is  tl» 
constant  prey  of  the  waves.  In  the  ninth  century  many  villages  and 
woods  are  reported  to  have  been  carried  away,  the  coast  undergoing  great 
change,  whereby  the  hill  of  St.  Michael  was  detached  from  the  main 
land.  The  parish  of  Bourgneuf,  and  several  others  in  that  neighbou^ 
hood,  were  overflowed  in  the  year  1500.  In  1735,  during  a  great  storm, 
the  ruins  of  Palnel  were  seen  uncovered  in  the  sea.||  A  romantic  tradi- 
tion, moreover,  has  descended  from  the  fabulous  ages  of  the  destruction 
of  the  south-western  part  of  Brittany,  whence  we  may  probably  infer 
some  great  inroad  of  the  sea  at  a  remote  period.^ 

*  Boaae,  Trans.  Royal  (Jeol.  Soc.  of  Cornwall,  vol.  ii.  p.  130. 
t  Stevenson,  Jameson's  Ed.  New  Phil.  Journ.  No.  8,  p.  386. 
I  Camden,  who  cites  Gyraldus,  also  Ray,  "  On  the  Deluge,"  Phys.  Theol.  p.2W. 
§  Meyrick's  Cardigan. 
Von  Hoff,  Geschichte,  &c.  vol.  i.  p.  49.  H  Ibid.  p.  48. 


CHAPTER   VII. 
ACTION  OF  TIDB8  AND  cuRitBim— -eon/jntift/. 

Aetifm  of  tides  and  currents,  eonHwuedr^lnTotidB  of  the  sea  upon  the  delta  of  the 
Rhine  in  Holland— changes  in  the  arms  of  the  Rhine — Estuary  of  the  Bies  Bosch, 
formed  in  1421 — Zuyder  Zee,  in  the  13th  century — Islands  destroyed — Delta  of 
the  Ems  converted  into  a  bay — Estuary  of  the  Dollart  formed  (p.  272.) — Encroach- 
ment of  the  sea  on  the  coast  of  Sleswick — On  shores  of  North  America — Tidal 
wa^e,  called  the  Bore — Influence  of  tides  and  currents  on  the  mean  level  of  seas — 
Action  of  currents  in  inland  lakes  and  seas — Baltic — Cimbrian  deluge  (p.  276.) — 
Straits  of  Gibraltar — No  under-current  there — Whether  salt  .is  precipitated  in 
the  Mediterranean — Waste  of  shores  of  Mediterranean. 

Inroads  of  the  sea  at  the  mouths  of  the  Rhine. — The  line  of  British  coast 
considered  in  the  preceding  chapter,  offered  no  example  of  the  conflict  of 
two  great  antagonist  forces;  the  entrance,  on  the  one  hand,  of  a  river 
draining  a  large  continent,  and  on  the  other,  the  flux  and  reflux  of  the 
tide,  aided  by  a  strong  current.  But  when  we  pass  over  by  the  Straits  of 
Dover  to  the  Continent,  and  proceed  northwards,  we  find  an  admirable 
illustration  of  such  a  contest,  where  the  Rhine  and  the  ocean  are  opposed 
to  each  other,  each  disputing  the  ground  now  occupied  by  Holland ;  the 
one  striving  to  shape  out  an  estuary,  the  other  to  form  a  delta.  There 
was  evidently  a  period  when  the  river  obtained  the  ascendency,  when  the 
shape  of  the  coast  and  set  of  the  tides  were  probably  very  different; 
bnt  for  the  last  2000  years,  during  which  man  has  witnessed  and 
actively  participated  in  the  struggle,  the  result  has  been  in  favour  of  the 
ocean  ;  the  area  of  the  whole  territory  having  become  more  and  more  cir- 
cumscribed ;  natural  and  artificial  barriers  having  given  way,  one  after 
another ;  and  many  hundred  thousand  human  beings  having  perished  in 
the  waves. 

Changes  in  the  arms  of  the  Rhine. — The  Rhine,  after  flowing  from  the 
Grison  Alps,  copiously  charged  with  sediment,  first  purifies  itself  in  the 
Lake  of  Constance,  where  a  large  delta  is  formed;  then,  swelled  by  the 
Aar  and  numerous  other  tributaries,  it  flows  for  more  than  600  miles 
towards  the  north ;  when  entering  a  low  tract,  it  divides  into  two  arms, 
north  of  Cleves,  a  little  below  the  village  of  Pannerden — a  point  which 
must  therefore  be  considered  the  head  of  its  delta.  In  speaking  of  the 
delta  I  do  not  mean  to  assume  that  all  that  part  of  Holland  which  is  com- 
prised within  the  several  arms  of  the  Rhine  can  be  called  a  delta  in  the 
strictest  sense  of  the  term ;  because  some  portion  of  the  country  thus  cir- 
cumscribed, as  for  example,  a  part  of  Gelderland  and  Utrecht,  consists 
of  strata  which  may  have  been  deposited  in  the  sea  before  the  Rhine 
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existed.  These  older  tracts  may  either  have  been  raited  like  the  UUah 
Bund  in  Gutch,  during  the  period  when  the  sediment  of  the  Rhine  was 
couverting  a  part  of  the  sea  into  land,  or  they  may  have  conetitDted 
islands  previously. 

When  the  river  divides  north  of  Gleves,  the  leA  arm  takes  the  name  of 
the  Waal ;  and  Uie  right,  retaining  that  of  the  Rhine,  is  connected,  alitlle 
farther  to  the  north,  by  an  artificial  canal  with  the  river  Yesel.  Still 
lower  down,  the  Rhine  takes  the  name  of  the  Leek,  a  name  which  vis 
given  to  distinguish  it  from  another  arm  called  the  old  Rhine,  which  wti 
sanded  up  until  after  the  year  1825,  when  a  channel  was  cut  for  it,  by 
which  it  now  enters  the  sea  at  Catwyck.  It  is  common,  in  all  great  del- 
tas, that  the  principal  channels  of  discharge  should  shift  from  time  to  tiae; 
but  in  Holland  so  many  magnificent  canals  have  been  eonairaetad,  and 
have  so  diverted,  from  time  to  time,  the  course  of  the  waters,  that  the  geo- 
graphical changes  in  this  delta  are  endless,  and  their  history,  since  the 
Roman  era,  forms  a  complicated  topic  of  antiquarian  research*  The  pre- 
sent head  of  the  delta  is  about  forty  geographical  miles  from  the  nearest  part 
of  the  gulf  called  the  Zuyder  Zee,  and  more  than  twice  that  distance  fron 
the  general  coast  line.  The  present  head  of  the  delta  of  the  Nile  if 
about  80  or  90  geographical  miles  from  the  sea ;  that  of  the  Ganges,  ti 
we  before  stated,  220 ;  and  that  of  the  Mississippi  about  180,  reckoning 
from  the  point  where  the  Atchafalaya  branches  off,  to  the  extremity  of 
the  new  tongue  of  land  in  the  Gulf  of  Mexico.  But  the  comparative  dii- 
tatice  between  the  heads  of  deltas  and  the  sea  affords  scarcely  any  data  for 
estimating  tlie  relative  magnitude  of  the  alluvial  tracts  formed  by  their 
respective  rivers.  For  the  ramifications  depend  on  many  varying  and 
temporary  circumstances,  and  the  area  over  which  they  extend  does  not 
hold  any  constant  proportion  to  the  volume  of  water  in  the  river. 

The  Rhine  therefore  has  at  present  three  mouths.  About  two-thirds 
of  its  waters  flow  to  the  sea  by  the  Waal,  and  the  remainder  is  carried 
partly  to  the  Zuyder  Zee  by  the  Yssel,  and  partly  to  the  ocean  by  the 
Leek.  As  the  whole  coast  to  the  south,  as  far  as  Ostend,  and  on  the 
north,  to  the  entrance  of  the  Baltic,  has,  with  few  exceptions,  from  time 
immemorial,  yielded  to  the  force  of  the  waves,  it  is  evident  that  the  delta 
of  the  Rhine,  if  it  had  advanced,  would  have  become  extremely  promi- 
nent ;  and  even  if  it  had  remained  stationary,  would  long  ere  this  have 
projected  far  beyond  the  rounded  outline  of  the  coast,  like  that  strip  of 
land  already  described,  at  the  mouth  of  the  Mississippi.  But  we  find,  on 
the  contrary,  that  the  islands  which  skirt  the  coast  have  not  only  lessened 
in  size,  but  in  number  also,  while  great  bays  have  been  formed  in  the  inte- 
rior by  incursions  of  the  sea.  I  shall  confine  myself  to  the  enumeration 
of  some  of  the  leading  facts,  in  confirmation  of  these  views,  and  begin 
with  the  southernmost  part  of  the  delta,  where  the  Waal  enters,  which  is 
at  present  united  with  the  Meuse,  in  the  same  manner  as  an  arm  of  the 
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Po,  beffire  mentioned,  has  become  confluent  with  the  Adige.  The  Meot^ 
itself  had  once  a  common  embouchore  with  the  Scheldt,  by  Slays  and  Ost- 
burg,  bat  this  channel  was  afterwards  sanded  np,  as  wefe  many  others 
between  Walcheren,  Bereland,  and  other  islands,  at  the  months  of  these 
rivers.  The  new  accessions  were  almost  all  within  the  coast  line,  and 
were  far  more  than  coonterbalanced  by  inroads  of  the  sea,  whereby  large 
tracts  of  land,  and  dnnes  of  blown  sand,  together  with  towns  and  villages, 
were  swept  away  between  the  fourteenth  and  eighteenth  centuries.  Be- 
sides parts  of  Walcheren,  Beveland,  and  several  populous  districts  in  Kad- 
Zand,  the  island  Orisant  \vs8  in  the  year  1658  entirely  annihilated. 

Inroads  of  the  sea  in  Holland, — One  of  the  most  memorable  irruptions 
occurred  in  1421,  where  the  tide  pouring  into  the  mouth  of  the  united 
Meuse  and  Waal,  burst  through  a  dam  in  the  district  named  Bergse-Veld, 
and  overflowed  seventy-two  villages,  forming  a  large  sheet  of  water  called 
the  Bies  Bosch.  Thirty-five  of  the  villages  were  irretriefably  lost,  and  no 
vestige  even  of  their  ruins  was  afterwards  seen.  The  rest  were  redeemed, 
and  the  site  of  the  others,  though  still  very  generally  represented  on  maps 
as  an  estuary,  has  in  fact  been  gradually  filled  up  by  alluvial  deposits, 
and  is  now,  as  I  am  informed  by  Professor  Moll,  an  immense  plain,  yield- 
ing abundant  crops  of  hay,  though  still  uninhabited.  To  the  north  of  the 
Meuse  is  a  long  line  of  shore  covered  with  sand  dunes,  where  great  en- 
croachments have  taken  place  from  time  to  time,  in  consequence  chiefly 
of  the  prevalence  of  south-easterly  winds  which  blow  down  the  sands  to- 
wards the  sea.  The  church  of  Scheveningen,  not  far  from  the  Hague, 
was  once  in  the  middle  of  the  village,  and  now  stands  on  the  shore ;  half 
the  place  having  been  overwhelmned  by  the  waves  in  1570.  Catwyck, 
once  far  from  the  sea,  is  now  upon  the  shore ;  two  of  its  streets  having 
been  overflowed,  and  land  torn  away  to  the  extent  of  200  yards  in  1719. 
It  is  only  by  aid  of  embankments,  that  Petten,  and  several  other  places 
farther  north,  have  been  defended  against  the  sea.  ~ 

fbrmation  of  the  Zuyder  Zee  and  Straiis  of  Siaveren.^^SiiW  more  im- 
portant are  the  changes  which  have  taken  place  on  the  coast  opposite  the 
light  arm  of  the  Rhine,  or  the  Yssel,  where  the  ocean  has  burst  through 
a  large  isthmus,  and  entered  the  inland  lake  Flevo,  which,  in  ancient 
times,  was,  according  to  Pomponius  Mela,  formed  by  the  overflowing  of 
the  Rhine  over  certain  low  lands.  It  appears  that,  in  the  time  of  Tacitus, 
there  were  several  lakes  in  the  present  site  of  the  Zuyder  Ze^,  between 
Friesland  and  Holland.  The  successive  inroads  by  which  these,  and  a 
great  part  of  the  adjoining  territory,  were  transformed  into  a  great  gulf, 
began  about  the  commencement,  and  were  completed  towards  the  close  of 
the  thirteenth  century.  Alting  gives  the  following  relation  of  the  occur- 
rence, drawn  from  manuscript  documents  of  contemporary  inhabitants  of 
the  neighbouring  provinces.    In  the  year  1205,  the  island  now  called  Wie- 
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ringen,  to  the  soath  of  the  Texel,  was  still  a  part  of  the  maiIllaIld«1nltd1l^ 
ing  several  high  floods,  of  which  the  dates  are  given*  ending  in  December, 
1251,  it  was  separated  from  the  continent.  By  subsequent  incnrsioiis, 
the  sea  consumed  great  parts  of  the  rich  and  populous  isthmus,  a  low  tnet 
which  stretched  on  the  north  of  Lake  Flevo,  between  Staveren  in  Frisi- 
land,  and  Medemblick  in  Holland,  till  at  length  a  breach  was  completed 
about  the  year  1282,  and  afterwards  widened.  Great  destruction  of  land 
took  place  when  the  sea  first  broke  in,  and  many  towns  were  swept  awaj; 
but  there  was  afterwards  a  reaction  to  a  certain  extent,  large  tracts  atfiiit 
submerged  having  been  gradually  redeemed.  The  new  straits  south  of 
Staveren  are  more  than  half  the  width  of  those  of  Dover,  but  are  very 
shallow,  the  greatest  depth  not  exeeeding  two  or  three  fathoms.  The  new 
bay  is  of  a  somewhat  circular  form,  and  between  thirty  and  forty  milei 
in  diameter.  How  much  of  this  space  may  formerly  have  been  occupied 
by  Lake  Flevo,  is  unknown. 

Destruction  of  Islands. — A  series  of  islands  stretching  from  the  Tezel 
to  the  mouths  of  the  Weser  and  Elbe,  are  evidently  the  last  relics  of  a 
tract  once  continuous.  They  have  greatly  diminished  in  size,  and  have 
lost  about  a  third  of  their  number  since  the  time  of  Pliny;  for  that 
naturalist  counted  twenty-three  islands  between  the  Texel  and  Eider, 
whereas  there  are  now  only  sixteen,  including  Heligoland  and  Neuwerk.* 
Heligoland,  at  the  mouth  of  the  Elbe,  began  in  the  year  800  to  be  much 
consumed  by  the  waves.  In  the  years  1300,  1500,  and  1649,  other  paiti 
were  swept  away,  till  at  last  a  small  portion  only  of  the  original  island 
remained,  consisting  of  a  rock  of  red  marl  (of  the  keuper  formation  of  the 
Germans),  about  200  feet  high.  Since  1770,  a  current  has  cut  a  passage 
no  less  than  ten  fathoms  deep  through  this  remaining  portion,  and  hai 
formed  two  islands,  Heligoland  and  Sandy  Island.!  The  fact  of  the  new 
channel  being  laid  down  in  all  the  charts  as  sixty  feet  deep  is  important, 
as  showing  the  excavating  power  of  marine  currents  under  favourable  ci^ 
cumstances.  On  the  other  hand  some  few  islands  have  extended  tlieir 
bounds  in  one  direction,  or  become  connected  with  others,  by  the  sand- 
ing-up  of  channels  ;  but  even  these,  like  Juist,  have  generally  given  way 
as  much  on  the  north  towards  the  sea  as  they  have  gained  on  the  south, 
or  land  side. 

The  Dollart  formed, — While  the  delta  of  the  Rhine  has  suflTered  so 
materially  from  the  movements  of  the  ocean,  it  can  hardly  be  supposed 
that  minor  rivers  on  the  same  coast  should  have  been  permitted  to  extend 
their  deltas.  It  appears,  that  in  the  time  of  the  Romans  there  was  an 
alluvial  plain  of  great  fertility,  where  the  Ems  entered  the  sea  by  three 
arms.  This  low  country  stretched  between  Groningen  and  East  Fries- 
land,  and  sent  out  a  peninsula  to  the  north-cast  towards  Emden.    A  flood, 

•  Von  Hoff,  vol.  i.  p.  364.  t  Ibid.  p.  57. 
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n  1277,  first  destroyed  part  of  the  peninsula.  Other  inundations  fol- 
Dwed  at  difierent  periods  throughout  the  fifteenth  century.  In  1507,  a 
»art  only  of  Torum,  a  considerable  town,  remained  standing;  and  in 
spite  of  the  erection  of  dams,  the  remainder  of  that  place,  together  with 
narket-towns,  villages,  and  monasteries,  to  the  number  of  fifty,  were 
inally  overwhelmed.  The  new  gulf,  which  was  called  the  Dollart, 
dthough  small  in  comparison  to  the  Zuyder  Zee,  occupied  no  less  than 
lix  square  miles  at  first ;  but  part  of  this  space  was,  in  the  course  of  the 
wo  following  centuries,  again  redeemed  from  the  sea.  The  small  bay 
>f  Leybucht,  farther  north,  was  formed  in  a  similar  manner  in  the  thir^ 
eenth  century  ;  and  the  bay  of  Harlbucht,  in  the  middle  of  the  sixteenth. 
3oth  of  these  have  since  been  partially  reconverted  into  dry  land. 
Another  new  estuary,  called  the  Gulf  of  Jahde,  near  the  mouth  of  the 
IVeser,  scarcely  inferior  in  size  to  the  Dollart,  has  been  gradually  hol- 
owed  out  since  the  year  1016,  between  which  era  and  1051  a  space  of 
ibout  four  square  miles  has  been  added  to  the  sea.  The  rivulet  which 
low  enters  this  inlet  is  very  small ;  but  Arens  conjectures,  that  an  arm  of 
he  Weser  had  once  an  outlet  in  that  direction. 

Coast  of  Sleswick. — Farther  north  we  find  so  many  records  of  waste 
m  the  western  coast  of  8leswick,  as  to  lead  us  to  anticipate,  that,  at  no 
listant  period  in  the  history  of  tlie  physical  geography  of  Europe,  Jutland 
nay  become  an  island,  and  the  ocean  may  obtain  a  more  direct  entrance 
nto  the  Baltic.  So  late  as  1825  the  sea  made  a  breach  and  entered  the 
[iym-Fiord,  so  that  the  northern  extremity  of  Jutland  was  converted  into 
in  island ;  and  this  passage  is  still  open  (1835). 

Destructioti  of  Northntrand  by  the  sea. — Northslrand,  up  to  the  year 
1240,  was,  with  the  islands  Sylt  and  Fohr,  so  nearly  connected  with  the 
nainland  as  to  appear  a  peninsula,  and  was  called  North  Friesland,  m 
lighly  cultivated  and  populous  district  It  measured  from  nine  to  eleven 
^graphical  miles  from  north  to  south,  and  six  to  eight  from  east  to  west, 
[n  Uie  above-mentioned  year  it  was  torn  asunder  from  the  continent,  and 
n  part  overwhelmed.  The  Isle  of  Northstrand,  thus  formed,  was, 
owards  the  end  of  the  sixteenth  century,  only  four  geographical  miles  in 
drcumference,  and  was  still  celebrated  for  its  cultivation  and  numerous 
)opnlation.  After  many  losses,  it  still  contained  9000  inhabitants.  At 
asi,  in  the  year  1634,  on  the  evening  of  the  11th  of  October,  a  flood 
lassed  over  the  whole  island,  whereby  1300  houses,  with  many  churches, 
irere  lost;  50,000  head  of  cattle  perished,  and  above  6000  men.  Three 
imall  islets,  one  of  them  still  called  Northstrand,  alone  remained,  which 
ire  now  continually  wasting. 

Inroads  of  the  sea  on  the  eastern  shores  of  North  America. — After  so 
aany  authentic  details  respecting  the  destruction  of  the  coast  in  parts  of 
Sarope  best  known,  it  will  be  unnecessary  to  multiply  examples  of  analo- 
VoL.  I.— 2  K 
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gOQS  ehangos  in  more  distant  regions  of  the  world.  It  musi  not,  however, 
he  imagined  that  our  own  seas  form  any  exception  to  the  general  rde. 
Thus,  for  example,  if  we  pass  over  to  the  eastern  coast  of  Nortli  Ame- 
rica, where  the  tides  rise  to  a  great  elevation,  we  find  many  iacta  attesting 
the  incessant  demolition  of  land.  At  Cape  May,  for  example*  on  the 
north  side  of  Delaware  Bay,  in  the  United  States,  the  encroachmeirt 
of  the  sea  was  shown  by  observations  made  consecutively  for  sizleei 
years,  from  1804  to  1820,  to  average  about  nine  feel  a  year;*  and  at  Sul- 
livan's Island,  which  lies  on  the  north  side  of  the  entrance  of  the  habou 
of  Charlestown,  in  South  Carolina,  the  sea  carried  away  a  qoarter  of  a 
mile  of  land  in  three  years,  ending  in  1780«t 

Ttdal  wave  called  '*  the  ^ore."— Before  concluding  my  remarks  on 
the  action  of  the  tides,  I  must  not  omit  to  mention  the  wave  called  "  ibe 
Bore,"  which  is  sometimes  produced  in  a  river  where  a  large  body  of 
water  is  made  to  rise  suddenly,  in  consequence  of  tlie  contraction  of  the 
channel.  This  wave  terminates  abruptly  on  the  inland  aide;  because  the 
quantity  of  water  contained  in  it  is  so  great,  and  its  motion  so  rapid,  that 
time  is  not  allowed  for  the  surface  of  the  river  to  be  immediately  raised 
by  means  of  transmitted  pressure.  A  tide  wave  thus  rendered  abrupt  has 
a  close  analogy,  observes  Mr.Whewell,  to  tlie  waves  which  curl  over  and 
break  on  a  shelving  shore4 

The  Bore  which  enters  the  Severn,  where  the  phenomenon  is  of 
almost  daily  occurrence,  is  sometimes  nine  feet  high,  and  at  spring  tides 
rushes  up  the  estuary  with  extraordinary  rapidity.  The  same  pheno- 
menon is  frequently  witnessed  in  the  principal  branches  of  the  Gangrt, 
and  in  the  Megna.  "  In  the  Hoogly,  or  Calcutta  river,"  says  Rennell, 
**  the  Bore  commences  at  Hoogly  Point,  the  place  where  tlie  river  first 
contracts  itself,  and  is  perceptible  above  Hoogly  Town ;  and  so  quick  is 
its  motion,  that  it  hardly  employs  four  hours  in  travelling  from  one  to  the 
other,  though  the  distance  is  nearly  seventy  miles.  At  Calcutta  it  some- 
times occasions  an  instantaneous  rise  of  five  feet;  and  both  here,  and  in 
every  other  part  of  its  track,  the  boats,  on  its  approach,  immediately  quit 
the  shore,  and  make  for  safety  to  the  middle  of  the  river.  In  the  chan- 
nels, between  the  islands  in  the  mouth  of  the  Megna,  the  height  of  the 
Bore  is  said  to  exceed  twelve  feet,  and  is  so  terrific  in  its  appearance, 
and  dangerous  in  its  consequences,  that  no  boat  will  venture  to  pass  tt 
spring  tide.'*§  These  waves  may  sometimes  cause  inundations,  unde^ 
mine  cliffs,  and  still  more  frequently  sweep  away  trees  and  land  ani- 
mals from  low  shores,  so  that  they  may  be  carried  down,  and  ultimately 
imbedded  in  fluviatile  or  submarine  deposits. 

•  New  Monthly  Mag.,  vol.  vi.  p.  69.  t  Von  Hoff,  vol.  i.  p.  96. 

t  Phil.  Traas.,  1833,  p.  204.  §  ReoneU,  PhU.  Trans.  1781. 
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In  such  large  bodies  of  water  as  the  North  American  lakes,  tlio  eoI^ 
linuanee  of  a  strong  wind  in  one  direction  often  causes  the  elevation  of 
die  water,  and  its  accumulation  on  the  leeward  side;  and  while  the 
^ailibrium  is  restoring  itself,  powerful  currents  are  occasioned.  In 
October  1833,  a  strong  current  in  Lake  Erie,  caused  partly  by  the  set  of 
the  waters  towards  the  outlet  of  the  lake,  and  partly  by  the  prevailing 
wind,  burst  a  "^passage  through  the  sandy  isthmus  called  Long  Point 
Peninsula,  and  soon  excavated  a  channel  more  than  nine  feet  deep  and 
MO  feet  wide.  Its  width  and  breadth  have  since  increased,  and  a  new 
iofl  costly  pier  has  been  erected ;  for  it  is  hoped  that  the  event  will  per- 
manently improve  the  navigation  of  Lake  Erie  for  steam-boats.*  In  the 
Black  Sea,  also,  although  free  from  tides,  we  learn  from  Pallas  that  there 
is  a  sufficiently  strong  current  to  undermine  the  cliffs  io  many  parts,  and 
particularly  in  the  Crimea. 

The  redundancy  of  river  water  in  the  Baltic,  especially  during  the 
melttng  of  ice  and  snow  in  spring,  causes  in  general  an  outward  current 
tkroogh  the  channel  called  the  Cattegat  But  after  a  continuance  of 
north-westerly  gales,  especially  during  the  height  of  the  spring  tides,  the 
Atlantic  rises ;  and,  pouring  a  flood  of  water  into  the  Baltic,  commits 
dreadful  devastations  on  the  isles  of  the  Danish  Archipelago.  This  cur« 
rent  even  acts,  though  with  diminished  force,  as  far  eastward  as  the 
vicinity  of  Dantzic.t  Accounts  written  during  the  last  ten  centuries 
ftttest  the  wearing  down  of  promontories  on  the  Danish  coast,  the  deep- 
^iitng  of  gulfs,  the  severing  of  peninsulas  from  the  main  land,  and  the 
iraste  of  islands,  while  in  several  cases  marsh  land,  defended  for  cen* 
tcries  by  dikes,  has  at  last  been  overflowed,  and  thousands  of  the  inhabi* 
tanta  whelmed  in  the  waves. 

Thus  the  island  Barsoe,  on  the  coast  of  Sleswick,  has  lost,  year  after 
year,  an  acre  at  a  time.  The  island  Alsen  suflfers  in  like  manner.  The 
peninsnla  Zingst  was  converted  into  an  island  in  1625.  There  is  a  tradi- 
tion that  the  isle  of  Rugen  was  originally  torn  by  a  storm  from  the  main 
land  of  Pomerania :  and  it  is  known,  in  later  times,  to  have  lost  ground, 
IS  in  the  year  1625,  when  a  tract  of  land  was  carried  away.  Some  of 
these  islands  consist  of  ancient  alluvial  accumulations,  containing  blocks 
of  granite,  which  are  also  spread  over  the  neighbouring  main  land.  The 
Marsh  Islands  are  mere  banks,  like  the  lands  formed  of  the  **  warp"  in 
the  Humber,  protected  by  dikes.  Some  of  them,  after  having  been 
inhabited  with  security  for  more  than  ten  centuries,  have  been  suddenly 


*  MS.  of  Capt  Bayfield.  R.  N. 

t  See  examples  in  Von  Hoff,  yol.  i.  p.  73,  who  cites  Pi«tnky. 
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overwhelmed.  In  this  manner,  in  1216,  no  less  than  10,000  of  the 
inhabitants  of  the  Eyderstede  and  Ditmarsch  perished ;  and  on  the  11th  of 
October,  1634,  the  islands  and  the  whole  coast,  as  far  as  Jutland,  suffered 
by  a  dreadful  deluge. 

Cimbrian  Deluge. — I  have  before  enumerated  the  ravages  of  the  ocean 
on  the  western  shores  of  Sleswick,  and  there  are  memgrials  of  a  series  of 
like  catastrophes  on  the  eastern  coast  of  that  peninsula*  Jutland  was  the 
Cimbrica  Chersonesus  of  the  ancients,  and  was  then  evidently  the  theatn 
of  similar  calamities ;  for  Florus  says,  **  Cimbri,  Theutoni,  atqae  TigQ- 
rini,  ab  extremis  Gallias  profugi,  cdm  terras  eorum  inundasset  Oceanus, 
novas  sedes  toto  orbe  quserebant."*  Some  have  wished  to  connect  this 
**  Cimbrian  Deluge"  with  the  bursting  of  the  isthmus  between  England 
and  France,  and  with  other  supposed  convulsions ;  but  when  we  consider 
the  fate  of  Heligoland  and  Nortlistrand,  and  tlie  other  terrific  inundations 
in  Jutland  and  Holstein  since  the  Christian  era,  wherein  thouemnds  hare 
perished,  we  need  not  resort  to  any  such  extraordinary  catastrophes  to 
account  for  the  historical  relation.  The  wave  which  in  1634  devastated 
the  whole  coast  of  Jutland,  committed  such  havoc,  that  we  must  be 
cautious  how  we  reject  hastily  the  traditions  of  like  events  on  the  coast 
of  Kent,  Cornwall,  Pembrokeshire,  and  Cardigan ;  for,  however  sceptical 
we  may  be  as  to  the  amount  of  territory  destroyed,  it  is  very  possible 
that  former  inroads  of  the  sea  may  have  been  greater  on  those  shores 
than  any  witnessed  in  modern  times. 

Slrails  of  Gibraliar, — That  the  level  of  the  Mediterranean  is  from 
twenty  to  thirty  feet  lower  than  that  of  the  Red  Sea,  at  Suez,  has  been 
already  stated.! 

It  is  well  known  that  a  powerful  current  sets  constantly  from  the 
Atlantic  into  the  Mediterranean,  and  its  influence  extends  along  the 
whole  southern  borders  of  that  sea,  and  even  to  the  shores  of  Asia  Minor. 
Captain  Smyth  found,  during  his  survey,  that  the  central  current  ran 
constantly  at  the  rate  of  from  three  to  six  miles  an  hour  eastward  into  the 
Mediterranean,  the  body  of  water  being  three  miles  and  a  half  wide. 
But  there  are  also  two  lateral  currents — one  on  the  European,  and  one 
on  the  African  side— each  of  them  about  two  miles  and  a  half  broad,  aod 
flowing  at  about  the  same  rate  as  the  central  stream.  These  lateral  cu^ 
rents  ebb  and  flow  with  the  tide,  setting  alternately  into  the  Mediterra- 
nean and  into  the  Atlantic.  The  excess  of  water  constantly  flowing  in  is 
very  great,  and  there  is  only  one  cause  to  which  this  can  be  attributed, 
the  loss  of  water  in  the  Mediierninean  by  evaporation.  That  the  level 
of  this  sea  should  be  considerably  depressed  by  this  means  is  quite  con- 
ceivable, since  we  know  that  the  winds  blowing  from  the  shores  of  Africa 
are  hot  and  dry ;    and  hygrometrical  experiments  recently  made  in  Malta 

*  Lib.  iii;  cap.  3.  f  See  Vol.  I.  p.  941. 
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and  other  places,  show  that  the  mean  quantity  of  moisture  in  the  air 
investing  the  Mediterranean,  is  equal  only  to  one  half  of  that  in  the 
atmosphere  of  England.  The  temperature  also  of  the  great  inland  sea^is 
upon  an  average  higher,  as  was  before  stated,  by  Si^  of  Fahrenheit,  than 
the  western  part  of  the  Atlantic  Ocean,  which  must  greatly  promote  its 
evaporation.  The  Black  Sea  being  situated  in  a  higher  latitude,  and 
being  the  receptacle  of  rivers  flowing  from  the  north,  is  much  colder,  and 
its  expenditure  far*  less ;  accordingly,  it  does  not  draw  any  supply  from 
the  Mediterranean,  but,  on  the  contrary,  contributes  to  it  by  a  current 
flowing  outwards,  for  the  most  part  of  the  year,  through  the  Dardanelles. 
The  discharge,  however,  at  the  Bosphorus  is  so  small  when  compared 
to  the  volume  of  water  carried  in  by  rivers,  as  to  imply  a  great  amount  of 
evaporation  even  in  the  Black  Sea. 

Whether  saU  be  precipitated  in  the  Mediterranean.-^li  is,  however, 
objected,  that  evaporation  carries  away  only  fresh  water,  and  that  the  cur- 
rent from  the  AUantic  is  continually  bringing  in  salt  water :  why,  then* 
do  not  the  component  parts  of  the  waters  of  the  Mediterranean  vary  t  or 
how  can  they  remain  so  nearly  the  same  as  those  of  the  ocean  ?  Some 
have  imagined  that  the  excess  of  salt  might  be  carried  away  by  an  under- 
current running  in  a  contrary  direction  to  the  superior ;  and  this  hypothesis 
appeared  to  receive  confirmation  from  a  late  discovery  that  the  water  taken 
up  about  fifty  miles  within  the  Straits,  from  a  depth  of  670  fathoms,  con- 
tained a  quantity  of  salt/our  times  greater  than  the  water  of  the  surface. 
Dr.  Wollaston*,  who  analysed  this  water  obtained  by  Captain  Smyth, 
truly  inferred  that  an  under-current  of  such  denser  water,  flowing  out- 
ward, if  of  equal  breadth  and  depth  with  the  current  near  the  surface, 
would  carry  out  as  much  salt  below  as  is  brought  in  above,  although  it 
moved  with  less  than  one-fourth  part  of  the  velocity,  and  would  thus  pre- 
▼ent  a  perpetual  increase  of  saltness  in  the  Mediterranean  beyond  that 
existing  in  the  Atlantic.  It  was  also  remarked  by  others,  that  the  result 
would  be  the  same  if,  the  swiftness  being  equal,  the  inferior  current  had 
only  one-fourth  of  the  volume  of  the  superior.  At  the  same  time  there 
appeared  reason  to  conclude  that  this  great  specific  gravity  was  only  ac- 
quired by  water  at  immense  depths  ;  for  two  specimens  of  the  water,  taken 
at  the  distance  of  some  hundred  miles  from  the  Straits,  and  at  depths  of 
400,  and  even  450  fathoms,  were  found  by  Dr.  Wollaston  not  to  exceed 
in  density  that  of  many  ordinary  samples  of  sea- water.  Such  being  the 
ease,  we  can  now  prove  that  the  vast  amount  of  salt  brought  into  the 
Mediterranean  does  not  pass  out  again  by  the  Straits  ;  for  it  appears  by 
Captain  Smyth's  soundings,  which  Dr.  Wollaston  had  not  seen,  that 
between  the  Capes  of  Trafalgar  and  Spartel,  which  are  twenty-two  miles 
apart,  and  where  the  Straits  are  shallowest,  the  deepest  part,  which  is  on 

*  PhU.  Trans.,  18S9,  part.  i.  p.  S9. 
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the  side  of  Cape  Spartel,  is  only  220  fathoms.  It  is  therefore  eTideat 
that  if  water  sinks  in  certain  parts  of  the  Mediterranean,  in  consequeDoe 
of  the  increase  of  its  specific  gravity,  to  greater  depths  than  220  fathoms, 
it  can  never  flow  out  again  into  the  Atlantic,  since  it  must  be  stopped  bj 
the  submarine  barrier  which  crosses  the  shallowest  part  of  the  Straits  of 
Gibraltar. 

The  idea  of  the  existence  of  a  counter-current,  at  a  certain  depth,  fiist 
originated  in  the  following  circumstance  : — M.  De  I'Aigle,  commander  ef 
a  privateer  called  the  Phcsnix,  of  Marseilles,  gave  chase  to  a  Dutch  me^ 
chant-ship,  near  Ceuta  Point,  and  coming  up  with  her  in  the  middle  of 
the  gut,  between  Tarifla  and  Tangier,  gave  her  one  broadside,  which 
directly  sunk  her.  A  few  days  after,  the  sunk  ship,  with  her  cargo  of 
brandy  and  oil,  was  cast  ashore  near  Tangier,  which  is  at  least  foor  leagues 
to  the  westward  of  the  place  where  she  went  down,  and  directly  agaiast 
the  strength  of  the  central  current.*  This  fact,  however,  aflbrds  no  evi- 
dence of  an  under-current,  because  the  ship,  when  it  approached  the  coast, 
would  necessarily  be  within  the  influence  of  a  lateral  current,  which, 
running  westward  twice  every  twenty-four  hours,  might  have  brought 
back  the  vessel  to  Tangier. 

What,  then,  becomes  of  the  excess  of  salt  ?— for  this  is  aa  inquiry  of 
the  highest  geological  interest.  The  Rhone,  the  Po,  and  many  handred 
minor  streams  and  springs,  pour  annually  into  the  Mediterranean  large 
quantities  of  carbonate  of  lime,  together  with  iron,  magnesia,  silica, 
alumina,  sulphur,  and  other  mineral  ingredients,  in  a  state  of  chemical 
solution.  To  explain  why  the  influx  of  this  matter  does  not  alter  the  com- 
position of  this  sea  has  never  been  regarded  as  a  difliculty ;  for  it  is  known 
that  calcareous  rocks  are  forming  in  the  delta  of  the  Rhone,  in  the  Adriatic, 
on  the  coast  of  Asia  Minor,  and  in  other  localities.  Precipitation  is  ae* 
knowledged  to  be  the  means  whereby  the  surplus  mineral  matter  is  dis- 
posed of,  after  the  consumption  of  a  certain  portion  in  the  secretions  of 
testacea,  zoophytes,  and  other  marine  animals.  But  before  muriate  of 
soda  can,  in  like  manner,  be  precipitated,  the  whole  Mediterranean  ought, 
it  is  said,  to  become  as  much  saturated  with  salt  as  Lake  Aral,  the  Dead 
Sea,  or  the  brine-springs  of  Cheshire. 

It  is  undoubtedly  true,  in  regard  to  small  bodies  of  water,  that  every 
particle  must  be  fully  saturated  with  muriate  of  soda,  before  a  single 
crystal  of  salt  can  be  formed  ;  such  is  probably  the  case  in  all  natural  salt- 
erns :  such,  for  example,  as  those  described  by  travellers  as  occurring  on 
the  western  borders  of  the  Black  Sea,  where  extensive  marshes  are  said 
to  be  covered  by  thin  films  of  salt  after  a  rapid  evaporation  of  sea-water. 
The  salt  etangs  of  the  Rhone,  where  salt  has  sometimes  been  precipitated 
in  considerable  abundance,  have  been  already  mentioned.     But  whether 

•  Phil.  Tram.  1724. 
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It  be  necessary  that  every  part  of  a  sea  of  enormous  depth  should  be  fully 
saturated  before  any  precipitate  can  take  place,  is  a  question  of  some  diffi- 
culty. In  the  narrowest  part  of  the  Straits  of  Gibraltar,  where  they  are 
about  nine  miles  broad,  between  the  Isle  of  Tarifia  and  Alcanzar  Point, 
the  depth  varies  from  160  to  500  fathoms :  but  between  Gibraltar  aud 
Ceuta,  Captain  Smyth  sounded  to  the  enormous  depth  of  950  fathoms  ; 
where  he  found  a  gravelly  bottom,  with  fragments  of  broken  shells. 
Saussure  sounded  to  the  depth  of  2000  feet,  within  a  few  yards  of  the 
shore,  at  Nice  ;  and  M.  B^rard  has  lately  fathomed  to  the  depth  of  more 
than  6000  feet  in  several  places  without  reaching  the  bottom.* 

The  central  abysses  of  this  sea  are,  in  all  likelihood,  at  least  as  deep  as 
the  Alps  are  high  ;  and,  as  at  the  depth  of  700  fathoms  only,  water  has 
been  found  to  contain  a  proportion  of  salt  four  times  greater  than  at  the 
surface,  we  may  presume  that  the  excess  of  salt  may  be  much  greater  at 
the  depth  of  two  or  three  miles.  After  evaporation,  the  surface  water 
becomes  impregnated  with  a  slight  excess  of  salt,  and  its  specific  gravity 
being  thus  iucreasedy  it  instantly  falls  to  the  bottom,  while  lighter  water 
rises  to  the  top,  or  flows  in  laterally,  being  always  supplied  by  rivers  and 
the  current  from  the  Atlantic.  The  heavier  fluid,  when  it  arrives  at  the 
bottom,  cannot  stop  if  it  can  gain  access  to  any  lower  part  of  the  bed  of  the 
tea,  not  previously  occupied  by  water  of  the  same  density.  In  this 
manner  the  bottom  of  the  nethermost  submarine  abysses  must  annually 
leeeive  new  supplies  of  brine,  while  the  water  at  the  surface,  being  in- 
cessantly renewed  by  rivers  and  the  current  from  the  ocean,  can  never 
become  saturated. 

How  far  this  accumulation  of  brine  can  extend  before  the  inferior  strata 
will  part  with  any  of  their  salt,  and  what  difference  in  such  a  chemical 
process  the  immense  pressure  of  th0  incumbent  ocean  might  occasion,  are 
questions  which  cannot  be  answered  in  the  present  state  of  science. 
There  is  also  another  curious  topic  of  speculation ;  what  changes  may  be 
effected  by  volcanic  heat,  so  active  in  many  parts  of  the  bottom  of  the 
Mediterranean.  A  sub-marine  hotspring  or  stufa  would  give  rise  to  a 
new  set  of  phenomena.  Perhaps  it  may  be  said  that  their  effect  would 
only  be  to  cause  ascending  and  descending  currents,  and  thereby  to  pro- 
mote the  intermixture  of  the  upper  and  lower  waters  of  the  sea.  A  sol- 
fatara,  or  rent  through  which  inflammable  gases  are  continually  escaping, 
might  certainly  convert  sea-water  into  steam  ;  and  in  this  case  salt  would 
be  precipitated  in  the  space  from  which  the  steam  was  expelled.  Addi- 
tional supplies  of  water  might  then  find  their  way  into  the  fissure,  being 
injected  into  every  pore  of  the  rock  by  the  vast  pressure  of  the  incumbent 
ocean.  If,  by  a  repetition  of  this  process,  the  cavity  was  filled  with  salt, 
other  crystals  of  the  same  mineral  would  more  easily  be  formed  from  a 

*  Bull,  de  la  Soc.  Geol.  de  France.— lUsam^,  p.  72.  1832. 
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solution,  and  might  then  spread  along  the  bottom  of  the  sea.  Tet  eTen 
in  this  case  it  should  seem  that  the  fluid  must  first  be  fully  saturated.  It 
is  certainly  most  difficult  to  explain  on  chemical  principles  how  a  deposit 
of  salt  may  take  place  at  the  bottom  of  the  Mediterranean,  but  it  is  neve^ 
theless  a  fact  that  the  waters  of  that  sea,  notwithstanding  the  constant  influx 
of  salt  water  from  the  Atlantic,  contain  but  a  slight  excess  of  muriate  of 
soda  above  the  ordinary  waters  of  the  ocean. 

In  regard  to  the  probable  origin  of  those  continuous  masses  of  rock-salt 
which  we  find  in  Poland,  Hungary,  Transylvania,  and  Spain,  geologists 
have  entertained  very  different  opinions;  but  the  theory  which  has 
obtained  most  favour  in  later  times  attributes  them  not  to  precipitation 
from  an  aqueous  menstruum,  but  to  sublimation  from  volcanic  exhalations 
rising  from  below,  which  insinuate  themselves  into  rents  and  vacuities, 
caused  by  the  fracture  and  decomposition  of  rocks. 

The  Straits  of  Gibraltar  are  said  to  become  gradually  wider  by  the 
wearing  down  of  the  cliffs  on  each  side  at  many  points ;  and  the  current 
sets  along  the  coast  of  Africa,  so  as  to  cause  considerable  inroads  in 
various  parts,  particularly  near  Carthage.  Near  the  Canopic  mouth  of 
the  Nile,  at  Aboukir,  the  coast  was  greatly  devastated  in  the  year  1784, 
when  a  small  island  was  nearly  consumed.  By  a  series  of  similar  opert' 
tions,  the  old  site  of  the  cities  of  Nicopolis,  Taposiris,  Parva,  and  Cano- 
pus,  have  become  a  sand-bank.* 

Sand'Hilis, — ^It  frequently  happens,  where  the  sea  is  encroaching  on  t 
coast,  that  perpendicular  cliffs  of  considerable  height,  composed  of  loose 
sand,  supply,  as  they  crumble  away,  large  quantities  of  fine  sand,  which 
being  in  mid-air  when  detached,  are  carried  by  the  winds  to  great  dis- 
tances, covering  the  land  or  barring  up  the  mouths  of  estuaries.  This  is 
exemplified  in  Poole  Bay,  in  Hampshire,  and  in  many  points  of  the  coast 
of  Norfolk  and  Suffolk.  But  a  violent  wind  will  sometimes  drift  the  sand 
of  a  sea  beach,  and  carry  it  up  with  fragments  of  shells  to  great  heights, 
as  in  the  case  of  the  sands  of  Barry,  at  the  northern  side  of  the  estuary 
of  the  Tay,  where  hills  of  this  origin  attain  the  height  of  140  feet. 

On  tiie  coast  of  France  and  Holland  long  chains  of  these  dunes  have 
been  formed  in  many  parts,  and  often  give  rise  to  very  important  geologi- 
cal changes,  by  damming  up  the  mouths  of  estuaries,  and  preventing  the 
free  ingress  of  the  tides,  or  free  efilux  of  river  water. 

*  Clarke's  Travels  in  £urope,  Asia,  and  Africa,  vol.  iii.  pp.    340  and  363,  4th 
edition. 
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REPRODUCTIVE   EFFECTS   OF   TIDES   AND   CURRENTS. 

ReprodactiTe  efiecte  of  tides  and  cnrrenti — Silting  up  of  estuaries  does  not  compen- 
sate the  loss  of  land  on  the  borders  of  the  ocean — Bed  of  the  German  Ocean  (p. 
285.) — Composition  and  extent  of  its  sand-banks — Strata  deposited  by  currents  on 
the  southern  and  eastern  shores  of  the  Mediterranean — Transportation  by  currents 
of  the  sediment  of  the  Amazon,  Orinoco,  and  Mississippi  (p.  287.) — Stratification. 

From  the  facts  enamented  in  the  last  chapter,  it  appears  that,  on  the 
borders  of  the  ocean,  currents  and  tides  co-operating  with  the  waves  of 
the  sea  are  most  powerful  instruments  in  the  destruction  and  transporta- 
tion of  rocks ;  and  as  numerous  tributaries  discharge  their  alluvial  burden 
into  the  channel  of  one  great  river»  so  we  find  that  many  rivers  deliver 
their  earthy  contents  to  one  marine  current,  to  be  borne  by  it  to  a  dis- 
tance, and  deposited  in  some  deep  receptacle  of  the  ocean.  The  current 
not  only  receives  this  tribute  of  sedimentary  matter  from  streams  draining 
the  land,  but  acts  also  itself  on  the  coast,  as  does  a  river  on  the  cliffs 
which  bound  a  valley.  The  course  of  currents  on  the  British  shores  is 
ascertained  to  be  as  tortuous  as  that  of  ordinary  rivers.  Sometimes  they 
mn  between  sand-banks,  which  consist  of  matter  thrown  down  at  certain 
points  where  the  velocity  of  the  stream  had  been  retarded ;  but  it  very 
frequently  happens,  that  as  in  a  river  one  bank  is  made  of  low  alluvial 
gravel,  while  the  other  is  composed  of  some  hard  and  lof^y  rock  con- 
stantly undermined,  so  the  current,  in  its  bends,  strikes  here  and  there 
npon  a  coast,  which  then  forms  one  bank,  while  a  shoal  under  water 
forms  the  other.  If  the  coast  be  composed  of  solid  materials,  it  yields 
slowly ;  so  also  if  it  be  of  great  height,  for  in  that  case  a  large  quantity 
of  matter  must  be  removed  before  the  sea  can  penetrate  to  any  distance. 
But  the  openings  where  rivers  enter  are  generally  the  points  of  least 
resistance,  and  it  is  here,  therefore,  that  the  ocean  makes  the  widest  and 
deepest  breaches. 

A  current  alone  cannot  shape  out  and  keep  open  an  estuary,  because  it 
holds  in  suspension,  like  the  river,  during  certain  seasons  of  the  year,  a 
large  quantity  of  sediment ;  and  where  the  waters,  flowing  in  opposite 
directions,  meet,  this  matter  subsides.  For  this  reason,  in  inland  seas, 
and  even  on  the  borders  of  the  oceap,  where  the  rise  of  the  tide  happens 
to  be  slight,  it  is  scarcely  possible  to  prevent  a  harbour  from  silting  up  ; 
and  it  is  often  expedient  to  carry  out  a  jetty  beyond  the  point  where  the 
marine  current  and  the  river  neutralize  each  other's  force ;  for  beyond 
Vol.  I.— 2  L 
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this  point  a  free  channel  is  maintained  by  the  superior  strength  of  the 
current. 

Estuaries^  how  formed. — The  formation  and  keeping  open  of  large 
estuaries  are  due  to  the  combined  in/ltience  of  the  tidal  currents  and 
rivers ;  for  when  the  tide  rises,  a  large  body  of  water  suddenly  enten 
the  mouth  of  the  river,  where,  becoming  confined  within  narrow  bounds, 
while  its  momentum  is  not  destroyed,  it  is  urged  on,  and,  having  to  ptsi 
through  a  contracted  channel,  rises  and  runs  with  increased  velocity,  joit 
as  a  stream,  when  it  reaches  the  arch  of  a  bridge  scarcely  large  enough 
to  give  passage  to  its  waters,  rushes  with  a  steep  fall  through  the  arch. 
During  the  ascent  of  the  tide,  a  body  of  fresh  water,  flowing  down  in  an 
opposite  direction  from  the  higher  country,  is  arrested  in  its  eoone  for 
several  hours ;  and  thus  a  large  lake  of  brackish  water  is  accumulated, 
which,  when  the  sea  ebbs,  is  let  loose,  as  on  the  removal  of  an  artifioiil 
sluice  or  dam.  By  the  force  of  this  retiring  water,  the  alluvial  sediment 
both  of  the  river  and  of  the  sea  is  swept  away,  and  transported  to 
such  a  distance  from  the  mouth  of  the  estuary,  that  a  small  part  only  eta 
return  with  the  next  tide. 

It  sometimes  happens,  that  during  a  violent  storm  a  large  bar  of  sand 
is  suddenly  made  to  shift  its  position,  so  as  to  prevent  the  free  influx  of 
the  tides,  or  efilux  of  river  water.  Thus  about  the  year  1600  the  sands 
at  Bayonne  were  suddenly  thrown  across  the  mouth  of  the  Adour.  That 
river,  flowing  back  upon  itself,  soon  forced  a  passage  to  the  northward, 
along  the  saudy  plain  of  Capbreton,  till  at  last  it  reached  the  sea  at 
Boucau,  at  the  distance  of  seven  leagues  from  the  point  where  it  had  for- 
merly entered.  It  was  not  till  the  year  1579  that  the  celebrated  architect 
Louis  de  Foix,  undertook,  at  the  request  of  Henry  III.,  to  re-open  the 
ancient  channel,  which  he  at  last  eflected  with  great  difficulty.* 

Tides  in  Estuaries. — In  the  estuary  of  the  Thames  at  I^ondon,  and  in 
the  Gironde,  the  tide  flows  ^ve  hours  and  ebbs  seven,  and  in  all  estuaries 
the  water  requires  a  longer  time  to  run  down  than  up ;  so  that  the  pre- 
ponderating force  is  always  in  the  direction  which  tends  to  keep  open  a 
deep  and  broad  passage.  But  as  both  the  river  and  the  tidal  current  are 
ready  to  part  with  their  sediment  whenever  their  velocity  is  checked, 
there  is  naturally  a  tendency  in  all  estuaries  to  silt  up  partially,  since 
eddies,  and  backwaters,  and  points  where  opposing  streams  meet,  are 
very  numerous,  and  constantly  change  their  position. 

Silting  up  of  Estuaries  does  not  compensate  for  loss  of  coas/s.— -Many 
writers  have  declared  that  the  gain  on  our  eastern  coast,  since  the  earliest 
periods  of  history,  has  more  than  counterbalanced  the  loss ;  but  they  have 
been  at  no  pains  to  calculate  the  amount  of  loss,  and  have  often  forgotten 
that,  while  the  new  acquisitions  are  manifest,  there  are  rarely  any  natural 

**  Nouvelle  Chronique  de  la  ViUe  de  Bayonne,  pp.  113.  139.    1827. 
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monuments  to  attest  the  former  existence  of  the  land  that  has  been  carried 
away.  Thej  have  also  taken  into  their  account  those  tracts  artificially  re- 
covered, which  are  often  of  great  agricultural  importance,  and  may  remain 
secure*  perhaps,  for  thousands  of  years,  but  which  are  only  a  few  feet 
above  the  mean  level  of  tlie  sea,  and  are  therefore  exposed  to  be  over- 
flowed again  by  a  small  proportion  of  the  force  required  to  remove  cliffs 
of  considerable  height  on  our  shores.  If  it  were  true  that  the  area  of  land 
annually  abandoned  by  the  sea  in  estuaries  were  equal  to  that  invaded  by 
it,  there  would  still  be  no  compensation  in  kind. 

It  will  seem,  at  first  sight,  somewhat  paradoxical,  but  it  is  nevertheless 
true,  that  the  greater  number  of  estuaries,  although  peculiarly  exposed  to 
the  invasion  of  the  sea,  are  usually  contracting  in  size,  even  where  the 
whole  line  of  coast  is  giving  way.  But  the  fact  is,  that  the  inroads  made 
by  the  ocean  upon  estuaries,  although  extremely  great,  are  completed 
during  periods  of  cogaparatively  short  duration ;  and  in  the  intervab  be- 
tween Uiese  irruptions,  the  mouths  of  rivers,  li&e  other  parts  of  the  coast, 
usually  enjoy  a  more  or  less  perfect  respite.  All  the  estuaries,  taken 
together,  constitute  but  a  small  part  of  a  great  line  of  coast ;  it  is,  there- 
fore, most  probable,  that  if  our  observations  extend  to  a  few  centuries 
only,  we  shall  not  see  any,  and  very  rarely  all,  of  this  small  part  exposed 
to  the  fury  of  the  ocean.  The  coast  of  Holland,  and  Friesland,  if  studied 
for  several  consecutive  centuries  since  the  Roman  era,  would  generally 
have  led  to  the  conclusion  that  the  land  was  encroaching  fast  upon  the 
sea,  and  that  the  aggrandizement  within  the  estuaries  far  mure  than  com- 
pensated the  losses  on  the  open  coast.  But  when  our  retrospect  em- 
braces the  whole  period,  an  opposite  inference  is  drawn :  and  we  find  that 
the  Zuyder  Zee,  the  Bies  Bosch,  DoUart,  and  Yahde,  are  modern  gulfs 
and  bays,  and  that  these  points  have  been  the  principal  theatres  of  the 
retreat,  instead  of  the  advance,  of  the  land.  If  we  possessed  records  of 
the  changes  on  our  coast  for  several  thousand  years,  they  would  probably 
present  us  with  similar  results ;  and  although  we  have  hitherto  seen  our 
estuaries,  for  the  most  part,  become  pactially  converted  into  dry  land,  and 
bold  cliffs  intervening  between  the  mouths  of  rivers  consumed  by  the  sea, 
this  has  merely  arisen  from  the  accidental  set  of  the  currents  and  tides 
during  a  brief  period. 

The  current  which  flows  round  from  the  north-west,  and  bears  against 
the  eastern  coast  of  England,  transports,  as  we  have  seen,  materials  of 
various  kinds.  Aided  by  the  winds  and  waves,  it  undermines  and  sweeps 
away  the  granite,  gneiss,  trap  rocks,  and  sandstone  of  Shetland,  and  re- 
moves the  gravel  and  loam  of  the  clifils  of  Holdemess,  Norfolk,  and  Suf- 
folk, which  are  between  fifty  and  two  hundred  feet  in  height,  and  which 
waste  at  the  rate  of  from  one  to  six  yards  annually.  It  also  bears  away, 
in  co-operation  with  the  Thames  and  the  tides,  the  strata  of  London  clay 
on  the  coast  of  Essex  and  Sheppey.    The  sea  at  the  same  time  consumes 
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the  chalk  with  its  flints  for  many  miles  continnously  on  the  shuns  of 
Kent  and  Sussex— commits  annual  ravages  on  the  fresh-water  beds,  capped 
by  a  thick  covering  of  chalk  flintSy  in  Hampshire,  and  continoaUy  saps 
the  foundations  of  the  Portland  limestone.  It  receives,  besides,  dnring 
the  rainy  months,  large  supplies  of  pebbles,  sand,  and  mud,  which  nume- 
rous streams  from  the  Grampians,  Cheviots,  and  other  chains,  send  down 
to  the  sea.  To  what  regions,  then,  is  all  this  matter  consigned  T  It  is 
not  retained  in  mechanical  suspension  by  the  waters  of  the  ocean,  nor 
does  it  mix  with  them  in  a  state  of  chemical  solution,— it  is  deposited 
somewhere^  yet  certainly  not  in  the  immediate  neighbourhood  of  our 
shores ;  for,  in  that  case,  there  would  soon  be  a  cessation  of  the  encroadH 
ment  of  the  sea,  and  large  tracts  of  low  land,  like  Romney  Marsh,  woaU 
almost  every  where  encircle  our  island.    * 

As  there  is  now  a  depth  of  water,  exceeding  thirty  feet,  in  some  spots 
where  cities  flourished  but  a  few  centuries  ago,  it  is  clear  that  the  cnnent 
not  only  carries  far  away  the  materials  of  the  wasted  clifl*s,  hot  lemovss 
also  the  ruins  of  many  of  the  regular  strata  at  the  bottom  of  the  sea. 

So  great  is  the  quantity  of  matter  held  in  suspension  by  tlie  tidal  cu^ 
rent  on  our  shores,  that  the  waters  are  in  some  places  artificially  intro- 
duced into  certain  lands  below  the  level  of  the  sea ;  and  by  repeating  this 
operation,  which  is  called  **  warping,'*  for  two  or  three  years,  considera- 
ble tracts  have  been  raised,  in  the  estuary  of  the  Uumber,  to  the  height  of 
about  six  feet.  If  a  current,  charged  with  such  materials,  meets  with 
deep  depressions  in  the  bed  of  the  ocean,  it  must  often  fill  them  up ;  just 
as  a  river,  when  it  meets  with  a  lake  in  its  course,  fills  it  gradually  with 
sediment. 

But  in  the  one  case,  the  sheet  of  water  is  converted  into  land  ;  whereas, 
in  the  other,  a  shoal  only  is  raised,  overflowed  at  high  water,  or  at  least 
by  spring  tides.  The  only  records  which  we  at  present  possess  of  the 
gradual  shallowing  of  seas  are  confined,  as  might  be  expected,  to  estuaries, 
havens,  and  certain  channels  of  no  great  depth ;  and  to  some  inland  sess, 
as  the  Baltic,  Adriatic,  and  Arabian  Gulf.  It  is  only  of  late  years,  that 
accurate  surveys  and  soundings  have  aflbrded  data  of  comparison  in  very 
deep  seas,  of  which  future  geologists  will  avail  themselves. 

An  extraordinary  gain  of  land  is  described  to  have  taken  place  at  the 
head  of  the  Red  Sea,  the  Isthmus  of  Suez  having  doubled  in  breadth  since 
the  age  of  Herotodus.  In  his  time,  and  down  to  that  of  Arrian,  Heroop- 
olis  was  on  the  coast ;  now  it  is  as  far  distant  from  the  Red  Sea  as  from 
the  Mediterranean.*  Suez  in  1541  received  into  its  harbour  the  fleet  of 
Solyman  II.;  but  it  is  now  changed  into  a  sand-bank.  The  country  called 
Tehama  on  the  Arabian  side  of  the  Gulf  has  increased  from  three  to 
six  miles  since  the  Christian  era.     Inland  from  the  present  ports  are  the 

*  Danyille,  M^m.  but  TEgypte,  p.  108.— Von  Hoff,  vol.  i.  p.  390. 
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rains  of  more  ancient  towns,  which  were  once  on  the  sea-shore,  and  bore 
the  same  names.  It  is  said  that  the  blown  sand  from  the  deserts  suppliea 
some  part  of  the  materials  of  this  new  land,  and  tliat  the  rest  is  composed 
of  shells  and  corals,  of  which  the  growth  is  very  rapid. 

FUling  t^  of  the  German  Ocean*— -The  German  Ocean  is  deepest  oa 
the  Norwegian  side,  where  the  soundings  give  190  fathoms ;  but  the 
mean  depth  of  the  whole  basin  may  be  stated  at  not  more  than  thirty-on^ 
fathomsi*  The  bed  of  this  sea  is  traversed  by  several  enormous  hankie 
one  of  which,  occupying  a  central  position,  trends  for  the  Frith  of  Forthi 
in  a  north-easterly  direction,  to  a  distance  of  110  miles;  others  run  from 
Denmaiik  and  Jutland  upwards  of  105  miles  to  the  north-west;  while  the 
greatest  of  all,  the  Dogger  Bank,  extends  for  upwards  of  354  miles  from 
north  to  south.  The  whole  superficies  of  these  enormous  shoals  is  equal 
to  about  one-fifth  of  the  whole  area  of  the  German  Ocean,  or  to  about 
bne-third  of  the  whole  extent  of  England  and  Scotland.!  The  average 
height  of  the  banks  measures,  according  to  Mr.  Stevenson,  about  seventy- 
eight  feet,  the  upper  portion  of  them  consisting  of  fine  and  coarse  sili- 
ceous sand,  mixed  with  comminuted  corals  and  shells.:|: 

It  has  been  supposed  by  some  writers,  that  these  vast  submarine  hills 
are  made  up  bodily  of  drift  sand,  and  other  loose  materials,  principally 
supplied  from  the  waste  of  the  English,  Dutch,  and  other  coasts.     But 
the  late  survey  of  the  North  Sea,  conducted  by  Captain  Hewett,  afifords 
ground  for  suspecting  that  this  opinion  is  very  erroneous.    If  such 
immense  mounds  of  sand  and  mud  had  been  accumulated  under  the 
influence  of  currents,  the  same  causes  ought  nearly  to  have  reduced  to  a 
level  the  entire  bottom  of  the  German  Ocean ;   instead  of  which  some 
long  narrow  ravines  are  found  to  intersect  the  banks.    One  of  these 
varies  from  seventeen  to  forty-four  fathoms  in  depth,  and  has  very  pre- 
cipitous sides:    in  one  part,  called  the  *' Inner  Silver  Pits,**  it  is  fifty-five 
jhthoms  deep.     The  shallowest  parts  of  the  Doggerbank  were  found  to 
be  forty-two  feet  under  water,  except  in  one  place,  where  the  wreck  of  a 
ship  had  caused  a  shoal ;    so  that  we  may  suppose  the  currents,  which 
vary  in  their  velocity  from  a  mile  to  two  miles  and  a-half  per  hour,  to 
have  power  to  prevent  the  accumulation  of  drift  matter  in  places  of  less 
depth.     It  seems,  then,  that  the  great  banks  above  alluded  to,  and  the 
ravines  which  intersect  them,  cannot  be  due  to  the  tides  and  currents  now 
existing  in  this  sea.     They  may,  however,  have  been  caused  in  great 
part  by  the  movements  of  the  ocean  at  some  former  period,  when  the 
bed  of  this  sea,  and  the  surface  of  the  land  adjoining,  assumed  its  actual 
configuration. 


*  Sterenton  on  the  Bed  of  the  German  Ocean,  or  North  Sea.— Eel.  Phil.  Jonrn. 
No.  V.  p.  44.   1820. 
t  Ibid.,  p.  47.  t  Ibid. 
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Strata  deposited  by  currents, — ^It  appears  extraordinary,  that  in  some 
tracts  of  the  sea,  adjoining  the  coast  of  England,  where  we  know  that 
eorrents  are  not  only  sweeping  along  rocky  masses,  thrown  down,  from 
time  to  time,  from  the  high  cliffs,  but  also  occasionally  scooping  out 
channels  in  the  regular  strata,  there  should  exist  fragile  shells  and  tender 
zoophiles  in  abnndance,  which  live  uninjured  by  these  violent  movementi. 
The  ocean,  however,  is  in  this  respect  a  counterpart  of  the  land;  and  as, 
on  the  continents,  rivers  may  undermine  their  banks,  uproot  trees,  and 
roll  along  sand  and  gravel,  while  their  waters  are  inhabited  by  testacet 
and  fish,  and  their  alluvial  plains  are  adorned  with  rich  vegetation  and 
forests,  so  the  sea  may  be  traversed  by  rapid  currents,  and  its  bed  maj 
here  and  there  suffer  great  local  derangement,  without  any  interruption 
of  the  general  order  and  tranquillity. 

One  important  character  in  the  formations  produced  by  currents,  is, 
the  immense  extent  over  which  they  may  be  the  means  of  diffusing 
homogeneous  mixtures,  for  these  are  often  co-extensive  witli  a  great  line 
of  coast,  and,  by  comparison  with  their  deposits,  the  deltas  of  rivers 
must  shrink  into  insignificance.  In  the  Mediterranean,  the  same  current 
which  is  rapidly  destroying  many  parts  of  the  African  coast,  between  the 
Straits  of  Gibraltar  and  the  Nile,  preys  also  upon  the  delta  of  the  NUe, 
and  drifts  the  sediment  of  that  great  river  to  the  eastward.  To  this 
source  may  be  attributed  the  rapid  accretions  of  land  on  parts  of  the 
Syrian  shores  where  rivers  do  not  enter. 

It  is  the  opinion  of  M.  Girard,  one  of  the  scientific  men  who  accom- 
panied Napoleon's  expedition  to  Egypt,  and  who  were  employed  on  the 
survey  of  the  ancient  canal  of  Amron,  communicating  between  the  Nile 
and  the  Red  Sea,  that  the  isthmus  of  Suez  itself  is  merely  a  bar  formed 
by  the  deposition  of  this  current  and  of  the  Nile,  and  that  the  two  seas 
were  formerly  united.*  It  is  certain,  as  before  stated,  that  the  isthmus 
is  daily  gaining  in  width  by  the  accession  of  fresh  deposits  on  the  shores 
of  the  Mediterranean .t 

The  ruins  of  ancient  Tyre  are  now  far  inland ,  and  those  of  ancient 
Sidon  are  two  miles  distant  from  the  coast,  the  modem  town  having  been 
removed  towards  the  sea.:]:  But  the  south  coast  of  Asia  Minor  affords  far 
more  striking  examples  of  advances  of  the  land  upon  the  sea,  where 
small  streams  co-operate  with  the  current  before  mentioned.  Captain 
Beaufort,  in  his  Survey  of  that  coast,  has  pointed  out  the  great  alterations 
effected  on  these  shores  since  the  time  of  Strabo,  where  havens  are  filled 
up,  islands  joined  to  the  mainland,  and  where  the  whole  continent  has 
increased  many  miles  in  extent.     Strabo  himself,  on  comparing  the  out- 


*  Description  de  I'Egypte,  M^moires,  torn.  i.  p.  33. 
t  Quarterly  Review,  No.  lixxvi.  p.  445. 
t  Von  Hoff,  vol.  i.  p.  S2&3. 
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line  of  the  coast  in  his  time  with  its  ancient  state,  was  convinced,  like 
oor  countryman,  that  it  had  gained  very  considerably  upon  the  sea.  The 
new  formed  strata  of  Asia  Minor  consist  of  8tone^  not  of  looeei  incoherent 
materials.  Almost  all  the  streamlets  and  rivers,  like  many  of  those  in 
Tuscany  and  the  south  of  Italy,  hold  abundance  of  carbonate  of  lime  in 
solution,  and  precipitate  travertin,  or  sometimes  bind  together  the  sand 
and  gravel  into  solid  sandstones  and  conglomerates :  every  delta  and  sand 
bar  thus  acquires  solidity,  which  often  prevents  streams  from  forcing 
their  way  through  them,  so  that  their  mouths  are  constantly  changing 
their  position.* 

Diitribution  of  the  sediment  of  the  Amazon  by  currents. — ^Among  the 
greatest  deposits  now  in  progress,  and  of  which  the  distribution  is  chiefly 
determined  by  currents,  we  may  class  those  between  the  mouths  of  the 
Amazon  and  the  southern  coast  of  North  America.  It  has  been  before 
stated  that  a  great  current  flows  along  the  coast  of  Africa,  from  the  south, 
which,  when  it  reaches  the  head  of  the  Gulf  of  Guinea,  and  is  opposed 
by  the  waters  brought  to  the  same  spot  by  the  Guinea  current,  slieams 
off  in  a  westerly  direction,  and  pursues  its  rapid  course  quite  acroes  the 
Atlantic  to  the  continent  of  South  America.  Here  one  portion  proceeds 
along  the  northern  coast  of  Brazil  to  the  Caribbean  Sea  and  the  Gulf  of 
Mexico.  Captain  Sabine  found  that  this  current  was  running  with  the 
astonishing  rapidity  of  four  miles  an  hour  where  it  crosses  the  stream  of 
the  Amazon,  which  river  preserves  part  of  its  original  impulse,  and  has 
its  waters  not  wholly  mingled  with  those  of  the  ocean  at  the  distance  of 
300  miles  from  its  mouth.t  The  sediment  of  the  Amazon  is  thus  con- 
stantly carried  to  the  north-west  as  far  as  to  the  mouths  of  the  Orinoco,  and 
an  immense  tract  of  swamp  is  formed  along  the  coast  of  Guinea,  with  a 
long  range  of  muddy  shoals  bordering  the  marshes,  and  becoming  con- 
verted into  land.:^  The  sediment  of  the  Orinoco  is  partly  detained,  and 
settles  near  its  mouth,  causing  the  shores  of  Trinidad  to  extend  rapidly, 
and  is  partly  swept  away  into  the  Caribbean  Sea  by  the  Guinea  current. 
According  to  Humboldt,  much  sediment  is  carried  again  out  of  the  Carib- 
bean Sea  into  the  Gulf  of  Mexico.  The  rivers,  also,  which  descend 
from  the  high  platform  of  Mexico,  between  ihe  mouths  of  the  Norte  and 
Tampico,  when  they  arrive,  swollen  by  tropical  rains,  at  the  edge  of  that 
platform,  bear  down  an  enormous  quantity  of  rock  and  mud  to  the  sea ; 
but  the  current,  setting  across  their  mouths,  prevents  the  growth  of  deltas, 
and  preserves  an  almost  uniform  curve  in  that  line  of  coast.§  It  must, 
therefore,  exert  a  great  transporting  power,  and  it  cannot  fail  to  sweep 

*  Karamania,  or  a  brief  Description  of  the  Coast  of  Asia  Minor,  &c.  London,  1S17. 
t  Experiments  to  determine  the  Figure  of  the  Earth,  &c.,  p.  445. 
t  Lochead's  Observations  on  the  Nat.  Hist,  of  Guiana.    Edin.  Trans.,  vol.  iy. 
§  This  coast  has  been  recently  examined  by  Captain  Vetehw— See  also  Sauza's 
new  chart  of  the  Gulf  of  Mexico. 
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t'wty  part  df  the  matter  which  is  discharged  from  the  moaths  of  the 
Norte  and  the  Mississippi. 

Jttea  ovef  which  ittcda  may  be  formed  by  etifT^/9.— In  regard  to  the 
distribution  of  sediment  by  cnrrents,  it  may  be  observed,  that  the  rate  of 
Subsidence  of  the  finer  mud  carried  down  by  every  great  river  into  the 
ocean,  must  be  extremely  slow ;  for  the  more  minute  the  separate  pa^ 
tides  of  mud,  the  slower  will  they  sink  to  the  bottom,  and  the  sooner 
will  they  acquire  Whiat  is  called  their  terminal  velocity.  It  is  well  knowa 
that  a  solid  body,  descending  through  a  resisting  medium,  falls  by  the 
force  of  gravity,  which  is  constant,  but  its  motion  is  resisted  by  the 
medium  more  and  more  as  its  velocity  increases,  until  the  resistance  be- 
comes sufficient  to  counteract  the  further  increase  of  velocity.  For  ex- 
ample, a  leaden  ball,  one  inch  diameter,  falling  through  air  of  density  u 
at  the  earth's  surface,  will  never  acquire  greater  velocity  than  200  feet 
per  second,  and,  in  water,  its  greatest  velocity  will  be  eight  feet  six  inches 

y^f  per  second.  If  the  diameter  of  the  ball  were  -j^  of  an  inch,  the  terminal 
Telocities  in  air  would  be  twenty-six  feet,  and  in  water  .80  of  a  foot  per 
second. 

Now,  every  chemist  is  familiar  with  the  fact,  that  minute  particles 
descend  with  extreme  slowness  through  water,  the  extent  of  their  surface 
being  very  great  in  proportion  to  their  weight;  and  the  resistance  of  the 
fluid  depending  on  the  amount  of  surface.  A  precipitate  of  sulphate  of 
baryta,  for  example,  will  sometimes  require  more  than  five  or  six  hours 
to  subside  one  inch  ;*  while  oxalate  and  phosphate  of  lime  require  nearly 
an  hour  to  subside  about  an  inch  and  a-half  and  two  inches  re8pectively,t 
so  exceedingly  small  are  the  particles  of  which  these  substances  consist 
When  we  recollect  that  the  depth  of  the  ocean  is  supposed  frequently 
to  exceed  three  miles,  and  that  currents  run  through  diflerent  parts  of  that 
ocean  at  the  rate  of  four  miles  an  hour,  and  when  at  the  same  time  we 
consider  that  some  fine  mud  carried  down  by  rivers,  as  well  as  the  impal- 
pable powder  sliowered  down  by  volcanos,  may  subside  at  the  rate  of  only 
an  inch  per  hour,  we  shall  be  prepared  to  find  examples  of  the  transporta- 
tion of  sediment  over  areas  of  indefinite  extent. 

It  is  not  uncommon  for  the  emery  powder  used  in  polishing  glass  to 
take  more  than  an  hour  to  sink  one  foot.  Suppose  mud,  composed  of 
particles  twice  as  coarse,  to  fall  at  the  rate  of  two  feet  per  hour,  and  these 
to  be  discharged  into  that  part  of  the  Gulf  Stream  which  preserves  a  mean 

>^  velocity  of  three  miles  an  hour  for  a  distance  of  two  thousand  miles ;  in 
twenty-eight  days  these  particles  will  be  carried  2016  miles,  and  will  have 
fallen  only  to  a  depth  of  224  fathoms. 

In  this  example,  however,  it  is  assumed  that  the  current  retains  its 
superficial  velocity  at  the  depth  of  224  fathoms,  for  which  we  have  as  yet 

•  On  the  authority  of  Mr.  Faraday, 
t  On  the  authority  of  Mr.  R.  Phillips. 
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DO  data.     Experiments  should  be  made  to  ascertain  the  rate  of  currents  at 
considerable  distances  from  the  surface,  and  the  time  taken  by  the  finest 
river  sediment  to  settle  in  sea-water  of  a  given  depth,  and  then  the  geolo-  'i 
pni  may  determine  the  area  over  which  homogenous  mixtures  may  be 
limultaneously  distributed  in  certain  seas. 

Siraiifieaiion.'-An  regard  to  the  internal  arrangement  of  formations 
leposited  in  the  deep  sea  by  currents  far  from  the  land,  we  may  infer  that 
a  them,  as  in  deltas,  there  is  usually  a  division  into  strata ;  for,  in  both 
!ases,  the  accumulations  are  successive,  and,  for  the  most  part,  interrupted. 
The  waste  of  cliffs  on  the  British  coast  is  almost  entirely  confined  to  the 
irinter  months ;  so  that  running  waters  in  the  sea,  like  those  on  the  land, 
ire  periodically  charged  with  sediment,  and  again  become  pure. 
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Suuign  of  the  inorganic  world,  continued — Igneous  cauies — Division  of  the  snbjeei 
^Distinct  yolcanic  regions — Region  of  the  Andes — System  of  yolcanos  extending 
from  the  Aleutian  isles  to  the  Moluccas  (p.  295.) — Polynesian  archipelago-— Vol- 
vsaie  region  extending  from  the  Caspian  Sea  to  the  Asores — Former  connexion 
ef  the  Caspian)  Lake  Aral,  and  Sea  of  Axof— Tradition  of  deluges  on  the  shores  of 
the  Boephorus,  Hellespont,  and  Grecian  isles  (p.  398.)-— Periodical  alternation  of 
earthquakes  in  Syria  and  Southern  Italy—- Western  limits  of  the  European  region 
(p.  1102.) — Earthquakes  rarer  and  more  feeble  as  we  recede  6rom  the  centres  of  vol- 
canic  action — Extinct  yolcanos  not  to  be  included  in  lines  of  active  yedts. 

f  K  hsTC  hitherto  considered  the  changes  wrought,  since  the  times  of  his- 
>ry  and  tradition,  by  the  continued  action  of  aqueous  causes  on  the  earth's 
orface;  and  we  have  next  to  examine  those  resulting  from  igneous 
gency.  As  the  rivers  and  springs  on  the  land,  and  the  tides  and  currents 
1  the  sea,  have,  with  some  slight  modifications,  been  fixed  and  constant 
» certain  localities  from  the  earliest  periods  of  which  we  have  any  records, 
>  the  volcano  and  the  earthquake  have,  with  few  exceptions,  continued, 
aring  the  same  lapse  of  time,  to  disturb  the  same  regions.  But  as  there 
re  signs,  on  almost  every  part  of  our  continent,  of  great  power  having 
sen  exerted  by  running  water  on  the  surface  of  the  land,  and  by  waves, 
des,  and  currents  on  cliffs  bordering  the  sea,  where,  in  modem  times, 
o  rivers  have  excavated,  and  no  waves  or  tidal  currents  nndermioed— to 
Vol.  L— 2  M 
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Ire  find  signs  of  volcanic  Tents  and  Tiolent  anbteminean  movements  ii 
places  where  the  action  of  fire  has  long  been  dormant.  We  can  eiplain 
why  the  intensity  of  the  force  of  aqueous  causes  should  be  developed  in 
eucoession  in  different  districts.  Currents,  for  example,  tides,  and  the 
waves  of  the  sea,  cannot  destroy  coasts,  shape  out  or  sill  up  eetoariei, 
break  through  isthmuses,  and  annihilate  islands,  form  shoals  in  one  place 
and  remove  them  from  another,  without  the  direction  and  position  of  their 
destroying  and  transporting  power  becoming  transferred  to  new  loealitiei. 
Neither  can  the  relative  levels  of  the  earth's  crust,  above  and  beneath  the 
waters,  vary  from  time  to  time,  as  they  are  admitted  to  have  varied  it 
former  periods,  and  as  it  will  be  demonstrated  that  they  still  do»  wiihoot 
the  continents  being,  in  the  course  of  ages,  modified,  and  even  entirely 
altered,  in  their  external  configuration.  Such  events  must  clearly  be 
accompanied  by  a  complete  change  in  the  volume,  velocity,  and  direetion 
of  the  streams  and  land  fioods  to  which  certain  regions  give  passage. 
That  we  should  find,  therefore,  clifis  where  the  sea  once  committed  rara- 
ges,  and  from  which  it  has  now  retired— estuaries  where  high  tides  once 
rose,  but  which  are  now  dried  up-i-valleys  hollowed  out  by  water,  where 
no  streams  now  fiow,  is  no  more  than  we  should  expect; — these  and 
similar  phenomena  are  the  necessary  consequences  of  physical  causes  now 
in  operation ;  and,  if  there  be  no  instability  in  the  laws  of  nature,  simflar 
fluctuations  must  recur  again  and  again  in  time  to  come. 

But,  however  natural  it  may  be  that  the  force  of  running  water  in 
numerous  valleys,  and  of  tides  and  currents  in  many  tracts  of  the  sea, 
should  now  be  spent,  it  is  by  no  means  so  easy  to  explain  why  the  vi(h 
lence  of  the  earthquake  and  the  fire  of  the  volcano  should  also  have  be- 
come locally  extinct,  at  successive  periods.  We  can  look  back  to  the  time 
when  the  marine  strata,  whereon  the  great  mass  of  Etna  rests,  had  no 
existence;  and  that  time  is  extremely  modem  in  the  earth's  history. 
This  alone  afibrds  ground  for  anticipating  that  the  eruptions  of  Etna  will 
one  day  cease. 

Nee  ()ufB  sulfureis  ardet  fornacibus  ^tna 
Ignea  semper  erit,  neque  enimfuit  ignea  temper y 

are  the  memorable  words  which  are  put  into  the  mouth  of  Pythagoras  by 
the  Roman  poet,  and  they  are  followed  by  speculations  as  to  the  cause  of 
volcanic  vents  shifting  their  positions.  Whatever  doubts  the  philoso- 
pher expresses  as  to  the  nature  of  these  causes,  it  is  assumed,  as  incon- 
trovertible, that  the  points  of  eruption  will  hereafter  vary,  btcaust  thy 
have  formerly  done  so, 

I  have  endeavoured  to  show,  in  former  chapters,  that  this  principle  of 
reasoning  has  been  too  much  set  at  naught  by  some  modern  schools  of 
geology,  which  not  only  refuse  to  conclude  that  great  revolutions  in  the 
earth's  ^mrface  are  now  in  progress,  or  that  they  will  take  place  hereafter. 
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beeauae  tiiey  ha?e  oAen  been  repeated  in  former  ages,  but  even  aMume 
the  improbability  of  fuch  a  conclusion,  and  Uirow  the  whole  weight  of 
proof  on  those  by  whom  that  doctrine  is  embraced. 

IHvisian  of  the  BubjecL — Volcanic  action  may  be  defined  to  be  ''the 
influence  exerted  by  the  heated  interior  of  the  earth  on  its  external  cover- 
ing." If  we  adopt  this  definition,  without  connecting  it  as  Humboldt  has 
done,  with  the  theory  of  secular  refrigeration,  or  the  cooling  down  of  an 
original  heated  and  fluid  nucleus,  we  may  tlien  class  under  a  general  head 
all  the  subterranean  phenomena,  whether  of  volcanos,  or  earthquakes,  or 
thoee  insensible  movements  of  the  land,  by  which,  as  wiU  afterwards  ap- 
pear, large  districts  may  be  depressed  or  elevated,  without  convulsions* 
According  to  this  view,  I  shall  consider  first,  the  volcano;  secondly, 
the  earthquake ;  thirdly,  the  rising  or  sinking  of  land  in  countries  where 
there  are  no  volcanos  or  earthquakes ;  fourthly,  the  probably  tau»e9  of 
the  changes  which  result  from  subterranean  agency. 

It  is  a  very  general  opinion,  that  earthquakes  and  volcanos  have  a  com- 
mon origin ;  for  both  are  confined  to  certain  regions,  althougii  the  subter- 
ranean movements  are  least  violent  in  the  immediate  proximity  of  volcanic 
vents,  especially  where  the  discharge  of  aeriform  fluids  and  melted  rock 
is  made  constantly  from  the  same  crater.  But  as  there  are  particular  re- 
gions, to  which  both  the  points  of  eruption  and  the  movements  of  great 
eartliquakes  are  confined,  I  shall  begin  by  tracing  out  the  geographical 
boundaries  of  some  of  these,  that  the  reader  may  be  aware  of  the  magnifi- 
cent scale  on  which  the  agency  of  subterranean  fire  is  now  simultaneous- 
ly developed.  Over  the  whole  of  the  vast  tracts  alluded  to,  active  vol- 
canic vents  are  distributed  at  intervals,  and  most  commonly  arranged  in  a 
linear  direction.  Throughout  the  intermediate  spaces  there  is  abundant 
evidence  that  the  subterranean  fire  is  at  work  continuously,  for  the  ground 
is  convulsed  from  time  to  time  by  earthquakes ;  gaseous  vapours,  especially 
carbonic  acid  gas,  are  disengaged  plentifully  from  the  soil ;  springs  often 
issue  at  a  very  high  temperature,  and  their  waters  are  usually  impreg- 
nated with  the  same  mineral  matters  as  are  discharged  by  volcanos  during 
eruptions. 

DISTINCT  REGIONS  OF  SUBTERRANKAN  DISTURBANCK. 

Region  of  the  Andes. — Of  these  great  regions,  that  of  the  Andes  is  one 
of  the  best  defined.  Respecting  its  southern  extremity,  we  are  still  in 
need  of  more  accurate  information,  doubts  being  entertained  by  some 
whether  it  extends  into  Tierra  del  Fuego.  Captain  Hall,  however,  had  a 
distant  view  from  his  ship,  in  1822,  of  appearances  which  seem  clearly 
to  indicate  an  eruption  of  a  volcano  placed  near  the  Beagle  Channel  (50^ 
48'  S.  lat.,  68^  W.  l<H)g.)  Several  volcanos  are  said  to  exist  in  the  Andes 
of  Patagonia,  and  no  less  than  nineteen  points  of  eruption  are  well  known 
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lie  between  the  Uthmus  of  Panama  and  Mexico,  theie  are  no  leaa 
twenty-one  active  Tolcano8»  all  of  them  contained  between  the  tenth 
fifteenth  degrees  of  north  latitude. 

The  great  volcanio  chain,  aAer  having  thus  pursued  its  conrse'fi 
several  thousand  miles  from  south  to  north,  turns  off  in  a  side  direcAcm 
in  Mexico,  in  the  parallel  of  the  city  of  that  name,  and  is  prolonged  in  ■ 
great  platform,  between  the  eighteenth  and  twenty-second  degrees  of  nortll 
latitude.     This  high  table  land  is  said  to  owe  its  present  form  to  the  eir- 
cumstance  of  an  ancient  system  of  valleys,  in  a  chain  of  granitic  mooB- 
tains,  having  been  filled  up  to  the  depth  of  many  thousand  feet,  with 
various  volcanic  products.    Five  active  volcanos  traverse  Mexico  fioB 
west  to  east — Tuxtla,   Orizaba,   Popocatepetl,    Jorulio,    and    CdiniAi 
Jorullo,  which  is  in  the  centre  of  the  great  platform,  is  no  less  than  180 
miles  from  the  nearest  ocean — an  important  circumstance,  as  showinf 
that  the  proximity  of  the  sea  is  not  a  necessary  condition,  although  eer* 
tainly  a  very  general  characteristic,  of  the  position  of  active  vokaiiof* 
The  extraordinary  eruption  of  this  mountain,  in  1759,  will  be  described 
in  the  sequel.     If  the  line  which  connects  these  five  vents  be  prolonged, 
in  a  westerly  direction,  it  cuts  the  volcanic  group  of  islands,  called  tke 
Isles  of  Revillagigedo. 

To  the  north  of  Mexico  there  are  three,  or  according  to  some  fits, 
volcanos,  in  the  peninsula  of  California,  but  of  these  we  have  at  present 
no  detailed  account.  I  have  before  mentioned  the  violent  earthqutkei 
which  in  1812  convulsed  the  valley  of  the  Mississippi  at  New  Madrid, 
for  the  space  of  300  miles  in  length.  As  this  happened  exacdy  at  the 
same  time  as  the  great  earthquake  of  Caraccas,  it  is  probable  that  tbeie 
two  points  are  parts  of  one  continuous  volcanic  region  ;  for  the  whole  ci^ 
cumference  of  the  intervening  Caribbean  Sea  must  be  considered  as  a 
theatre  of  earthquakes  and  volcanos.  On  the  north  lies  the  island  of 
Jamaica,  which,  with  a  tract  of  the  contiguous  sea,  has  often  experienced 
tremendous  shocks ;  and  these  are  frequent  along  a  line  extending  from 
Jamaica  to  St.  Domingo,  and  Porto  Rico.  On  the  south  of  tlie  same 
basin  the  shores  and  mountains  of  Colombia  are  perpetually  convulsed. 
On  the  west,  is  the  volcanic  chain  of  Guatimala  and  Mexico,  before  traced 
out;  and  on  the  east  the  West  India  isles,  where,  in  St.  Vincent's  and 
Guadeloupe,  are  active  vents. 

Thus  it  will  be  seen  that  volcanos  and  earthquakes  occur  uninterrupt- 
edly, from  Chili  to  the  north  of  Mexico ;  and  it  seems  probable,  that  they 
will  hereafter  be  found  to  extend  from  Cape  Horn  to  California,  or  even 
to  New  Madrid,  in  the  United  States — a  distance  upon  the  whole  as  great 
as  from  the  pole  to  the  equator.  In  regard  to  the  western  limits  of  the 
region,  they  lie  deep  beneath  the  waves  of  the  Pacific,  and  must  continue 
unknown  to  us.  On  the  east  they  are  not  prolonged,  except  where  they 
include  the  West  Indian  islands,  to  a  groat  distance ;  for  there  seem  to  be 
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of  Tolcanic  disturbances  In  Gniana,  Brazil,  and  Buenos 


dh,'  Although  no  rolcanos  have  been  discorered  in  the  northern 
tt  the  new  continent,  we  have  authentic  accounts  of  frequent 
ihet  in  Canada,  and  some  of  considerable  violence  have  occurred, 
if  1608,  hereafter  to  be  described.  A  large  part  of  the  estuary  of 
Lawrence  and  the  surrounding  country  has  been  shaken  from 
tine ;  and  we  learn  from  Captain  Bayfield's  Memoirs,  that  along 
KM  of  the  estuary  and  Gulf  of  St.  Lawrence  horizontal  banks  of 
dwlls  appear  at  various  heights,  from  10  to  100  feet  above  high 
ndk,  and  inland  breaches  of  sand  and  shingle  with  similar  shells, 
Biorated  limestone  rocks  scooped  out  by  the  waves,  and  showing 
r  lithodomous  perforations,  facts  which  indicate  most  clearly  the 
hw  upheaving  of  the  land  since  the  sea  was  inhabited  by  the 
f  species  of  testacea.* 

mc  region  from  the  Aleutian  hies  to  the  Moluceas.^^n  a  scale, 
iquals,  or  surpasses,  that  of  the  Andes,  is  another  continuous  line 
■ie  action,  which  commences,  on  the  north,  with  the  Aleutian  Isles 
fcm  America,  and  extends,  first  in  a  westerly  direction  for  nearly 
Bgnphical  miles,  and  then  southwards,  without  interruption, 
BQt  a  space  of  between  60°  and  70°  of  latitude  to  the  Moluccas, 
it  branches  off  in  different  directions  both  towards  the  east  and 
efltt  The  northern  extremity  of  this  volcanic  region  is  the  pen- 
f  Alaska  in  about  55°  of  latitude.  From  thence  the  line  is  con- 
ihrongh  the  Aleutian  or  Fox  Islands,  to  Kamtschatka.  In  that 
ago  eruptions  are  frequent;  and  a  new  island  rose  in  1814,  which, 
ig  to  some  reports,  is  3000  feet  high  and  four  miles  round.j: 
irf  also  mentions  a  rock  of  equal  height,  consisting  of  trachyte, 
have  made  its  appearance  at  once  from  the  bottom  of  the  sea  in 
r  1795.$  Earthquakes  of  the  most  terrific  description  agitate  and 
a  bed  of  the  sea  and  surface  of  the  land  throughout  this  tract. 
B  is  continued  in  the  southern  extremity  of  the  peninsula  of  Kamt- 
p  where  there  are  seven  active  volcanos,  which,  in  some  eruptions, 
iUered  ashes  to  immense  distances.  The  Kurile  chain  of  islands 
tsa  the  prolongation  of  the  range,  where  a  train  of  volcanic  moun- 
aae  of  which  are  known  to  have  been  in  eruption,  trends  in  a 
ly  direction.  In  these,  and  in  the  bed  of  the  adjoining  sea,  altera- 
'  level  have  resulted  from  earthquakes  since  the  middle  of  the  last 
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map  of  volcanic  lines  which  I  have  reduced  and  corrected  from  Von  Buch's 

the  Canaries. 

Hoff,  vol.  ii.  p.  414. 
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century.  The  line  is  then  continued  to  the  south-west  in  the  great  ifluid 
of  Jesso,  where  there  are  active  volcanic  vents,  as  also  in  Nipon«  the 
principal  of  the  Japanese  group,  where  the  number  of  burning  mountaini 
is  very  great ;  slight  shocks  of  earthquakes  being  almost  incessantf  and 
violent  ones  experienced  at  distant  intervals.  Between  the  Japanese  nd 
Philippine  Islands,  the  communication  is  preserved  by  several  small  in- 
sular vents.  Sulphur  Island,  in  the  Loo  Ghoo  archipelago,  emits  sul- 
phureous vapour ;  and  Formosa  suffers  greatly  from  earthquakes.  In 
Luzon,  the  most  northern  and  largest  of  the  Philippines,  are  three  active 
▼olcanos;  Mindinao  also  was  in  eruption  in  1764.  The  line  is  then 
prolonged  through  Sanguir  and  the  north-eastern  extremity  of  Celebes, 
by  Ternate  and  Tidore,  to  the  Moluccas,  and,  amongst  the  rest,  Sumbawa. 
Here  a  great  transverse  line  may  be  said  to  run  from  east  to  west  On 
the  west  it  passes  through  the  whole  of  Java,  where  there  are  thirty-eiglrt 
large  volcanic  mountains,  many  of  which  continually  discharge  smoke 
and  sulphureous  vapours.  In  the  volcanos  of  Sumatra,  the  same  lineif 
arrangement  is  preserved ;  but  the  line  inclines  gradually  to  the  north-weit 
in  such  a  manner  as  to  point  to  the  active  volcano  in  Barren  Island,  in  tbe 
Bay  of  Bengal,  in  about  thetweldh  degree  of  north  latitude.  (See  plate  of 
Volcanic  Band  of  Molucca  and  Sunda  Islands,  facing  p.  205).  In  another 
direction  the  volcanic  range  is  prolonged  through  Borneo,  Celebes,  Bands, 
and  New  Guinea ;  and  farther  eastward  in  New  Britain,  New  Ireland, 
and  various  parts  of  the  Polynesian  archipelago.  The  Pacific  Ocean, 
indeed,  seems,  in  equatorial  latitudes,  to  be  one  vast  theatre  of  igneooi 
action ;  and  its  innumerable  archipelagos,  such  as  the  New  Hebrides, 
Friendly  and  Georgian  Islands,  are  all  composed  either  of  coralline  lime- 
stones, or  volcanic  rocks,  with  active  vents  here  and  there  interspersed. 
The  abundant  production  of  carbonate  of  lime  in  solution,  would  alone 
raise  a  strong  presumption  of  the  volcanic  constitution  of  these  tracts, 
even  if  there  were  not  more  positive  proofs  of  igneous  agency. 

Volcanic  region  from  the  Caspian  to  the  Azores, — If  we  now  turn  our 
attention  to  the  principal  region  in  the  Old  World,  which,  from  time  im- 
memorial, has  been  agitated  by  earthquakes,  and  has  given  vent,  at  ce^ 
tain  points,  to  subterranean  fires,  we  find  that  it  possesses  the  same  general 
characters.  This  region  extends  from  east  to  west  for  the  distance  of 
about  1000  geographical  miles,  from  the  Caspian  Sea  to  the  Azores ;  in- 
cluding within  its  limits  the  greater  part  of  the  Mediterranean,  and  its 
most  prominent  peninsulas.  From  south  to  north,  it  reaches  from  about 
the  thirty-fifth  to  the  forty-fifth  degree  of  latitude.  Its  nortliern  bounda- 
ries are  Caucasus,  the  Black  Sea,  the  mountains  of  Thrace,  Transylvania, 
and  Hungary — the  Austrian,  Tyrolian,  and  Swiss  Alps — the  Cevennes 
and  Pyrenees,  with  the  mountains  which  branch  off  from  the  Pyrenees 
westward,  to  the  north  side  of  the  Tagus.  Its  western  limits  are  the 
ocean,  but  it  is  impossible  to  determine  how  far  it  may  be  prolonged 
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in  that  direction  ;  neither  can  we  zsnlga  with  precision  its  extreme 
eastern  limit,  since  the  country  beyond  Uie  Caspian  and  the  Sea  of 
Aral  is  little  known.  Gapt.  A.  Barnes,  in  his  recent  expedition  through 
the  Talley  of  the  Oxus,  found  that  the  whole  basin  of  that  river  had,  a  few 
weeks  before  he  passed  through  it,  been  convulsed  by  a  tremendousearth- 
qnake,  which  had  tlirown  down  buildings  and  obstructed  the  courses  of 
rivers. 

The  great  steppe  of  Tartary  is  unexplored ;  and  we  are  almost  equally 
ignorant  of  the  physical  constitution  of  China,  in  which  country  many 
▼ioient  earthquakes  have  been  felt.  The  southern  boundaries  of  the  region 
inelude  the  most  northern  parts  of  Africa,  and  part  of  the  Desert  of  Arabia.* 
We  may  trace,  through  the  whole  area  comprehended  within  these  ex- 
tensive limits,  numerous  points  of  volcanic  eruptions,  hot  springs,  gaseous 
emanations,  and  other  signs  of  igneous  agency  ;  while  few  tracts,  of  any 
extent,  have  been  entirely  exempt  from  earthquakes  throughout  the  last 
8000  years. 

Borders  of  the  Caspian, — To  begin  on  the  Asiatic  side,  we  find  that, 
on  the  western  shores  of  the  Caspian,  in  the  country  round  Baku,  there 
is  a  tract  called  the  Field  of  Fire,  which  continually  emits  inflammable 
gas,  while  springs  of  naphtha  and  petroleum  occur  in  the  same  vicinity, 
is  also  mud  volcanos.  In  the  chain  of  Elburs,  to  the  south  of  this  sea,  is 
a  lofty  mountain,  which,  according  to  Morier,  sometimes  emits  smoke, 
and  at  the  base  of  which  are  several  small  craters,  where  sulphur  and 
saltpetre  are  procured  in  sufficient  abundance  to  be  used  in  commerce. 
Violent  subterranean  commotions  have  been  experienced  along  the  borders 
of  the  Caspian  ;  and,  according  to  Engelhard t  and  Parrot,  the  bottom  of 
that  sea  has,  in  modern  times,  varied  in  form  ;  and  they  say  that,  near 
the  south-coast,  the  Isle  of  Idak,  north  from  Astrabat,  formerly  high  land» 
has  now  become  very  low.t  Any  indications  of  a  change  in  the  relative 
levels  of  tlie  land  in  this  part  of  Asia,  are  of  more  than  ordinary  interest; 
because  it  has  been  supposed  that  the  level  of  the  Caspian  is  much  lower 
than  that  of  the  Black  Sea,  although  much  doubt  has  recently  been  thrown 
on  the  observations  from  which  this  conclusion  was  deduced.^ 

Steppes  of  the  Caspian — A  low  and  level  tract,  called  the  Steppe, 
•bounding  in  saline  plants,  and  composed  of  tertiary  strata  containing 
many  shells  of  species  now  common  in  the  adjoining  sea,  skirts  the 
north-western  shores  of  the  Caspian.  This  plain  often  terminates 
abruptly  by  a  line  of  inland  cliffs,  at  the  base  of  which  runs  a  kind  of 
beach,  consisting  of  fragments  of  limestone  and  sand,  cemented  together 
into  a  conglomerate.     Pallas  has  endeavoured  to  show  that  there  is  an  oh! 

•  Von  Hoff,  vol.  ii.  p.  99. 

t  Travels  in  the  Crimea  and  Cancasui,  in  1815,  vol.  i.  pp.  257.  264.— Von  Hoff, 
▼ol.  i.  p.  137. 

t  See  Book  iv.  chap.  19. 
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line  of  sandy  conntry,  which  uidiemtM  theaneienlilMd  of  a  stiaitt  fay 
which  the  Caapitn  was  once  anited  to  the  sea  of  Aiof.  On  mmif^ 
groandsy  it  is  inferred  that  the  salt  lake  Aral  was  formerly  oomioetai  ^Ih 
the  Caspian. 

TVadUion  of  ddugm  on  ih»  %horu  (fUm  Bm/lhofUM^  4^.r^-The  «s» 
Tulsions  which  have  produced  the  phenomena  of  the  steppes  may  bs^voy 
modem  in  the  earth's  history^  and  yet  a  small  portion  of  them  only  any 
have  happened  in  the  last  twen^  or  thirty  centaries.  Remote  UiditieBi 
have  come  down  to  ns  of  inundations,  in  which  the  waters  of  the  Eozias 
were  forced  through  the  Thraoian  Bosphorus,  and  through  the  Hsllfs 
pent,  into  the  iBgean ;  and  in  the  deluge  of  Samothraee,  it  appears  thst 
that  small  island,  and  the  adjoining  coast  of  Asia,  were  inundated,  h 
the  Ogygian  also,  which  happened  at  a  different  time,  BcBotia  and  Atlici 
were  overflowed.  Notwithstanding  the  mixture  of  fable,  and  the  lofu  of 
the  marvellous,  in  those  rude  ages,  and  the  subsequent  inventions  of 
Greek  poets  and  historians,  it  may  be  distinctly  perceived  that  the  floods 
alluded  to  were  local  and  transient,  and  that  they  happened  in  soceestion 
near  the  borders  of  Uiat  chain  of  inland  seas.  'Hiey  may,  perhaps,  hsis 
been  nothing  more  than  great  waves,  which,  about  fiAeen  centuries  faeCNS 
our  era,  devastated  the  borders  of  the  Black  Sea,  the  Sea  of  Mamoci, 
the  Archipelago,  and  neighbouring  coasts,  in  the  same  manner  as  the 
western  shores  of  Portugal,  Spain,  and  Northern  Africa  were  inundated, 
during  the  great  earthquake  at  Lisbon,  by  a  wave  which  rose  in  sosM 
places,  to  the  height  of  fi(\y  or  sixty  feet ;  or  as  happened  in  Peru,  in 
1746,  where  200  violent  shocks  followed  each  other  in  the  space  of  twenty* 
four  hours,  and  the  ocean  broke  with  impetuous  force  upon  the  land, 
destroying  the  town  of  Callao,  and  four  otlier  seaports,  and  penst- 
nently  converted  a  considerable  tract  of  inhabited  country,  which  hsd 
perhaps  sunk  down  below  its  former  level,  into  a  bay.  Diodorus  Sieulos 
in  his  account  of  the  Samothracian  deluge,  informs  us  that  the  inhabitanti 
Lad  time  to  take  refuge  in  the  mountains,  and  save  themselves  by  flight; 
he  also  relates  that,  long  after  the  event,  the  fishermen  of  the  islsmi 
drew  up  in  their  nets  the  capitals  of  columns,  which,  he  says,  were  the 
remains  of  cities  submerged  by  that  terrible  catastrophe.*  These  state- 
ments scarcely  leave  any  doubt  that  the  event  consisted  of  a  subsidence 
of  the  coast,  accompanied  by  a  series  of  earthquakes,  and  successire 
inroads  of  the  sea. 

In  the  country  between  the  Caspian  and  the  Black  Seas,  and  in  the 
chain  of  Caucasus,  numerous  earthquakes  have,  in  modem  times,  caused 
fissures  and  subsidences  of  the  soil,  especially  at  Tiflis.t  The  Caucasitn 
territories  abound  in  hot-springs  and  mineral  waters.    So  late  as  1814,  a 

*  Book  y.  chap.  46.    See  letter  of  M.  Virlet,  Bulletin  de  la  Soc.  G^l.  de  Fnnef, 
Tol.  ii.  p.  341. 
t  Von  Hoff,  vol.  u.  p.  SIO. 
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new  island  was  raised  by  volcanic,  explosions,  in  the  Sea  of  Azof;  and 
Pdlas  mentions  that,  in  the  same  locality,  opposite  old  Temruk,  a  sub- 
marine eruption  took  place  in  1799,  accompanied  with  a  dreadful  thun- 
dering, emission  of  fire  and  smoke,  and  the  throwing  up  of  mire  and 
stones.  Violent  earthquakes  were  felt  at  the  same  time  at  great  distances 
from  Temruk.  The  country  around  Erzerum  exhibits  similar  phe- 
nomena, as  does  that  around  Tauris  and  the  Lake  of  Urmia,  in  which 
latter  we  have  already  remarked  the  rapid  formation  of  travertin.  The 
lake  of  Urmia,  which  is  about  280  English  miles  in  circumference,  resem- 
bles the  Dead  Sea,  in  hiaving  no  outlet,  and  in  being  more  salt  than  the 
ocean.  Between  the  Tigris  and  Euphrates,  also,  there  are  numerous 
springs  of  naphtha,  and  frequent  earthquakes  agitate  the  country. 

Syria  and  Palestine  abound  in  volcanic  appearances,  and  very  extensive 
areas  have  been  shaken,  at  different  periods,  with  great  destruction  of 
cities  and  loss  of  lives.  Continual  mention  is  made  in  history  of  the 
ravages  committed  by  earthquakes  in  Sidon,  .Tyre,  Berytus,  Laodicea, 
and  Antioch,  and  in  the  island  of  Cyprus.  The  country  around  the 
Dead  Sea  appears  evidently,  from  the  accounts  of  modern  travellers,  to  be 
volcanic.  A  district  near  Smyrna,  in  Asia  Minor,  was  termed  by  the 
Greeks  Catacecaumene,  or  the  burnt,  where  there  is  a  large  arid  territory, 
without  trees,  and  with  a  cindery  soil.* 

Periodical  alternation  of  Earthquakes  in  Syria  and  Southern  Italy. — 
It  has  been  remarked  by  Von  Hoff,  that  from  the  commencement  of 
the  thirteentli  to  the  latter  half  of  the  seventeenth  century,  there  was 
an  almost  entire  cessation  of  earthquakes  in  Syria  and  Judea ;  and, 
during  this  interval  of  quiescence,  the  Archipelago,  together  with  part  of 
the  adjacent  coast  of  Lesser  Asia,  as  also  Southern  Italy  and  Sicily,  suf- 
fered greatly  from  earthquakes  ;  while  volcanic  eruptions  were  unusually 
frequent  in  the  same  regions.  A  more  extended  comparison,  also,  of  the 
history  of  the  subterranean  convulsions  of  these  tracts  seems  to  confirm 
the  opinion,  that  a  violent  crisis  of  commotion  never  visits  both  at  the 
same  time.  It  is  impossible  for  us  to  declare,  as  yet,  whether  this  phe- 
nomenon is  constant  in  this  and  other  regions,  because  we  can  rarely 
trace  back  a  connected  series  of  events  farther  than  a  few  centuries  ;  but 
it  is  well  known  that,  where  numerous  vents  are  clustered  together  within 
a  small  area,  as  in  many  archipelagos  for  instance,  two  of  them  are  never 
in  violent  eruption  at  once.  If  the  action  of  one  becomes  very  great  for 
a  century  or  more,  the  others  assume  the  appearance  of  spent  volcanos. 
It  is,  therefore,  not  improbable,  that  separate  provinces  of  the  same  great 
range  of  volcanic  fires  may  hold  a  relation  to  one  deep-seated  focus 
analogous  to  that  which  the  apertures  of  a  small  group  bear  to  some  more 
superficial  rent  or  cavity.     Thus,  for  example,  we  may  conjecture  that, 

*  Stimbo,  Ed.  Fal.,  p.  900. 
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ml  s  cKNDj^cunliTdjr  smtll  duteaod  firom  the  larfaeey  iwliim  md  Yt 
motoBlly  MmHKinioate  with  eerttin  fitrares,  and  that  eaeh  aflbvdi  nM 
altdrnat)el]r  to  elaitie  flaUb  and  lam  there  geneiited.  So  we  any  ai^poR 
Sonthera  Itriy  and  Syria  to  be  eoBneeted,  at  a  rnnoh  greater  depth,  wiA 
a  lower  part  of  the  very  eame  eyttem  ^of  fieaoiee ;  in  idbioh  eaae  mf 
obatruetion  occnrring  in  one  Awi  mnj  haTe  the  efieet  of  eaoaini^alaeit 
all  the  Tapoar  and  melted  mallv^D  be  forced  op  the  olher«  and  if  tkgf 
cannot  get  vent,  they  may  btHriftmae  of  violent  earthqaakee. 

Chreeian  Arckipdago. — ^Pioeeeding  weatwarda,  we  reach  the  Gheaa 
Archipelago,  where  Santorin,  afterwarda  to  be  deacribed,  ie  the  gmi 
centre  of  yolcanic  action.  To  the  north-west  of  Santorin  ia  aaotbar  fil- 
eano  in  the  island  of  Milo,  of  recent  aspect,  having  a  very  active  eoibtm 
in  its  central  crater,  and  many  sonrces  of  boiling  water  and  steaoi*  Cea- 
tinning  the  same  line,  we  arrive  at  that  part  of  the  Morea,  where  «s 
learn,  from  ancient  writers,  that  Helice  and  Bora  were,  in  the  year  171 
B.C.,  submerged  beneath-  the  sea  by  an  earthquake;  and  the  waHs, 
according  to  Ovid,  were  to  be  seen  beneath  the  watera.  Near  the  saas 
spot,  in  our  times  (1817),  Vostizia  waa  laid  in  mine  by  a  sablemMM 
convulsion.*  At  Meihone,  also  (now  Modon),  in  Mesaenia,  aboot  thres 
centuries  before  our  era,  an  eruption  threw  up  a  great  volcanic  mooitsiB, 
which  is  represented  by  Strabo  as  being  nearly  4000  feet  in  height;  hat 
die  magnitude  of  the  hill  requires  confirmation.  Some  snppone  ikaX  the 
accounts  of  the  formation  of  a  hill  near  'Fnezene,  of  which  the  dais  ii 
unknown,  may  refer  to  the  same  event 

It  was  Von  Buch*8  opinion  that  th&volcanos  of  Greece  were  arranged  ui  a 
line  running  N.  N.  W.  and  S.  S.  E.,  as  represented  in  the  Map,  PL  IIL, 
facing  p.  295 ;  and  that  they  afforded  the  only  example  in  Europe  of  aelivt 
volcanos  having  a  linear  direction.t  But  observations  made  during  the  kts 
French  expedition  to  the  Morea  have  by  no  means  confirmed  this  view. 
On  the  contrary,  M.  Virlet  announces  as  the  result  of  his  investigatiow, 
that  there  is  no  one  determinate  line  of  direction  for  the  volcanic  pheno- 
mena in  Greece,  whether  we  follow  the  points  of  eruptions,  or  the  earth- 
quakes, or  any  other  signs  of  igneous  agency. 

Macedonia,  Thrace,  and  Epirus,  have  always  been  subject  to  earth- 
quakes, and  the  Ionian  Isles  are  continually  convulsed.  Respecting 
Southern  Italy,  Sicily,  and  the  Lipari  Isles,  it  is  unnecessary  to  enlarge 
here,  as  the  existence  of  volcanos  in  that  region  is  known  to  all,  and  I 
shall  have  occasion  again  to  allude  to  them.  I  may  mention,  however, 
that  Dr.  Daubeny  has  traced  a  band  of  volcanic  action  across  the  Italiaa 
Peninsula,  from  Ischia  to  Mount  Vultur,  in  Apulia,  the  commencement 
of  the  line  being  found  in  the  hot  springs  of  Ischia,  after  which  it  is 
prolonged  through  Vesuvius  to  the  Lago  d^Ansanto,  where  gases  similar 

"*  Von  Hoff,  vol.  ii.  p.  172.  t  See  Plata  of  Volcame  Baods,  ftoing  p.  995. 
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to  those  of  Vesuvius  are  evolved.  Its  further  extension  strikes  Mount 
Voltury  a  lofty  cone  composed  of  tuff  and  lava,  from  one  side  of  which 
carbonic  acid  and  sulphuretted  hydrogen  are  emitted.* 

The  north-eastern  portion  of  Africa,  including  Egypt,  which  lies  six 
or  seven  degrees  south  of  the  volcanic  line  already  traced,  has  been 
aUnost  always  exempt  from  earthquakes :  but  the  north-western  portion, 
especially  Fez  and  Morocco,  which  hH  vithin  the  line,  suffer  greatly 
from  time  to  time.  The  southern  pari  qi  Bp^in  also,  and  Portugal,  have 
generally  been  exposed  to  the  same  scourge  simultaneously  with  Northern 
Africa.  The  provinces  of  Malaga,  Murcia,  and  Granada,  and  in  Portugal, 
the  country  round  Lisbon,  are  recorded  at  several  periods  to  have  been 
devastated  by  great  earthquakes.  It  will  be  seen,  from  Michell's  account 
of  the  great  Lisbon  shock  in  1755,  that  the  first  movement  proceeded 
from  the  bed  of  the  ocean  ten  or  fifteen  leagues  from  the  coast  So  late 
as  February  2,  1816,  when  Lisbon  was  vehemently  shaken,  two  ships 
felt  a  shock  in  the  ocean  west  from  Lisbon ;  one  of  them  at  the  distance 
of  120,  and  the  other  262  French  leagues  from  the  coast,! — a  fact  which 
is  the  more  interesting,  because  a  line  drawn  through  the  Grecian  archi- 
pelago, the  volcanic  region  of  Southern  Italy,  Sicily,  Southern  Spain, 
and  Portugal,  will,  if  prolonged  westward  through  the  ocean,  strike  the 
volcanic  group  of  the  Azores,  which  has,  therefore,  in  all  probability,  a 
submarine  connexion  with  the  European  line.  How  far  the  island  of 
Madeira,  which  has  been  subject  to  violent  earthquakes,  and  the  Canary 
Islands,  in  which  volcanic  eruptions  have  been  frequent,  may  communicate 
beneath  the  waters  with  the  same  great  region,  must  for  the  present  be 
mere  matter  of  conjecture. 

Besides  the  continuous  spaces  of  subterranean  disturbance,  of  which 
we  have  merely  sketched  the  outline,  there  are  other  disconnected  volcanic 
groups,  of  which  the  geographical  extent  is  as  yet  very  imperfectly 
known.  Among  these  may  be  mentioned  Iceland,  which  belongs, 
perhaps,  to  the  same  region  as  the  volcano  in  Jan  Mayen's  Island, 
situated  5°  to  the  north-east.  With  these,  also,  part  of  the  nearest  coast 
of  Greenland,  which  is  sometimes  shaken  by  earthquakes,  may  be 
connected. 

In  another  hemisphere  the  island  of  Bourbon  belongs  to  the  theatre 
of  volcanic  action,  of  which  Madagascar  probably  forms  a  part,  if  the 
alleged  existence  of  burning  volcanos  in  that  island  shall,  on  further 
examination,  be  substantiated.  In  following  round  the -borders  of  tiie 
Indian  Ocean,  to  the  north,  we  find  the  volcano  of  Gabel  Tor,  within  the 
entrance  of  tlie  Arabian  Gulf.  In  the  province  of  Cutch  earthquakes  are 
frequent,  and  at  Mhurr,  twenty-five  miles  from  Luckput,  there  is  an 


*  Daubeny  on  Mount  Voltur,  Ashmolean  MemoiiB.    Oxford,  1835. 

t  Vemeur,  Journal  dea  Voyages,  vol.  iv.  p.  111.    Von  Hoff,  vol.  ii.  p.  275. 
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active  volcano*  or  at  least  a  toUatanu*  In  Malwa,  aa  also  in  ChItl^oa|, 
in  Bengal,  there  have  been  violent  earthqaakea  within  the  hiataiiBri 
period. 

Voleanic  regiom  of  Southern  J^tirope.— Respecting  the  videanie  sjt- 
tem  of  Southern  Europe,  it  may  be  observed,  tiiat  there  ia  m  eential  mol 
where  ihe  greatest  earthquakes  prevail,  in  which  rocks  are  ahattsisdi 
mountains  rent,  the  aurface  elevated  or  depressed,  and  cities  laid  in  nisi. 
On  each  side  of  this  line  of  greatest  commotion  there  are  parallel  baadi 
of  country,  where  the  ahocks  are  less  violent.  At  a  atill  greater  distancs 
(as  in  Northern  Italy,  for  example,  extending  to  the  foot  of  the  Alps), 
there  are  spaces  where  the  shocks  are  much  rarer  and  more  feeUe,  jst 
possibly  of  sufficient  force  to  caose,  by  continued  repetition,  eome  appre- 
ciable alteration  in  the  external  form  of  the  earth's  crust.  Beyond  these 
limits,  again,  all  countries  are  liable  to  sliglit  tremora  at  distant  intervab 
of  time,  when  some  great  crisis  of  subterranean  movement  agitates  aa 
adjoining  volcanic  region ;  but  tliese  may  be  considered  as  mare  vibia- 
tions,  propagated  mechanically  through  the  external  coTcring  of  the  globe, 
as  sounds  travel  almost  to  indefinite  distances  through  the  air.  Shoeb 
of  this  kind  have  been  felt  in  England,  Scotland,  Northern  Franest  wl 
Germany — particularly  during  the  Lisbon  earthquake.  Bnt  these  cooa- 
tries  cannot,  on  this  account,  be  supposed  to  constitute  parts  of  the  soath- 
ern  volcanic  region,  any  more  than  the  Shetland  and  Orkney  Islands  esa 
be  considered  as  belonging  to  the  Icelandic  cirele,  because  the  sands 
ejected  from  Hecla  have  been  wafted  thither  by  the  winds. 

lAnea  of  active  and  extinct  Volcanos  not  to  he  confounded.'-^WB  mutt 
also  be  careful  to  distinguish  between  lines  of  extinct  and  active  volcanos, 
even  wliere  they  appear  to  run  in  the  same  direction ;  for  ancient  aad 
modem  systems  may  cross  and  interfere  with  each  other.  Already,  in- 
deed, we  have  proof  that  this  is  the  case ;  so  that  it  is  not  by  geographi- 
cal position,  but  by  reference  to  the  species  of  organic  beings  alone, 
whether  aquatic  or  terrestrial,  whose  remaius  occur  in  beds  interatratified 
with  lavas,  that  we  can  clearly  distinguish  the  relative  age  of  volcanos  of 
which  no  eruptions  are  recorded.  Had  Southern  Italy  been  known  to 
civilized  nations  for  as  short  a  period  as  America,  we  should  have  had  no 
record  of  eruptions  in  Ischia ;  yet  we  might  have  assured  ouraelves  that 
the  lavas  of  that  isle  had  flowed  since  the  Mediterranean  was  inhabited 
by  the  species  of  testacea  now  living  in  the  Neapolitan  seas.t  With  this 
assurance  it  would  not  have  been  rash  to  include  the  numerous  venU  of 
that  island  in  the  modern  volcanic  group  of  Campania. 

On  similar  grounds  we  may  infer,  without  much  hesitation,  that  the 
eruptions  of  Etna  and  the  modern  earthquakes  of  Calabria,  are  a  continoa- 
tion  of  that  action,  which,  at  a  somewhat  earlier  period,  produced  the 

*  On  the  authority  of  C&pt  A.  Barnes, 
t  See  aceoont  of  leehia,  book  iv.  ehap.  10. 
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submarine  lavaa  of  the  Val  di  Nolo  in  Sicily.*  But  the  lavas  of  the  Eu- 
ganean  hills  and  the  Viccntin,  although  not  wholly  beyond  the  range  of 
earthquakes  in  Northern  Italy,  must  not  be  confounded  with  any  existing 
volcanic  system ;  for  when  they  flowed,  the  seas  were  inhabited  by  ani- 
mals almost  all  of  them  distinct  from  those  now  known  to  live,  whether 
in  the  Mediterranean  or  other  parts  of  the  globe.  But  an  examination  of 
these  topics  would  carry  us  to  events  anterior  to  the  times  of  history ;  we 
must  therefore  defer  their  consideration  to  the  4th  Book. 


CHAPTER   X. 


VOLCANIC   DISTRICT   OF   NAPLES. 


Hiitory  of  the  volcanic  eruptions  in  the  diitrict  round  Naples — Early  conynlsions  in 
the  island  of  Iscbia — Nomeroos  cones  thrown  up  there — Epomeo  not  an  habitual 
▼olcano— Lake  A?emus — The  Solfatara — Renewal  of  the  eruptions  of  Vesuvius, 
▲.  D.  79 — Pliny's  description  of  the  pbenomena  (p.  306.) — Remarks  on  his  silence 
respecting  the  destruction  of  Herculaneum  and  Pompeii — Subsequent  history  of 
Vesuyiufl — La^a  discharged  in  Iscbia  in  1302 — Pause  in  the  eruptions  of  VesuFius 
— Monte  NuoTo  thrown  up  (p.  309  )— Uniformity  of  the  volcanic  operations  of  Ve- 
•UTius  and  the  PhlegrsBan  Fields  in  ancient  and  niodern  times. 

I  SHALL  next  give  a  sketch  of  the  history  of  some  of  the  volcanic  vents 
dispersed  throughout  the  great  regions  before  described,  and  consider  the 
composition  and  arrangement  of  their  lavas  and  ejected  matter.  The 
only  volcanic  region  known  to  the  ancients  was  that  of  which  the  Medi- 
terranean forms  a  part ;  and  even  of  this  they  have  transmitted  to  us  very 
imperfect  records  relating  to  the  eruptions  of  the  three  principal  districts, 
namely,  that  round  Naples,  that  of  Sicily  and  its  isles,  and  that  of  the 
Grecian  Archipelago.  By  far  the  most  connected  series  of  records  through- 
out a  long  period  relates  to  the  first  of  these  provinces ;  and  these  cannot 
bo  too  attentively  considered,  as  much  historical  information  is  indispen- 
sable in  order  to  enable  us  to  obtain  a  clear  view  of  the  connexion  and 
alternate  mode  of  action  of  the  different  vents  in  a  single  volcanic  group. 
Early  convulsions  in  the  Island  of  Ischia. — The  Neapolitan  volcanos 
extend  from  Vesuvius,  through  the  Phlegraean  Fields,  to  Procida  and 
Ischia,  in  a  somewhat  linear  arrangement,  ranging  from  the  north-east  to  the 

*  Book  iy.  ch.  6. 
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sonih-wattv  u  win  be  Men  intheiiuiezed  Mapof  theVioloaiiioDiilmlflf 
Naples  (Plate  IV.).  Within  the  apaee  above  liodledy  the  ^eainefaiviii 
aometimes  developed  in  single  eniptions  from  a  eonalderalUe  wb»rf 
inogularlj  soattered  points ;  bat  a  gieat  part  of  ita  aetion  haa  bean  sai* 
fin^  to  one  principal  and  habitnal  vent,  Vesnyioa  or  Sonma*  BelHaii 
Christian  era,  from  the  remoteat  periods  of  whieh  ira  have  liij  tiadilii^ 
ibis  principal  vent  was  in  a  state  of  inactivity.  Bat  tairifie 
then  took  place  from  time  to  time  iii  Ischia  (Pitheeasa)»  and 
extended  to  the  neighbonring  isle  of  Procida  (Prochyta);  forStrriN^ 
mentions  a  atory  of  Procida  having  been  torn  asnnder  from  Ischia;  mi 
Plinyt  derives  its  name  from  its  having  been  ponred  forth  by  an  snp* 
tion  from  Ischia.  < 

The  present  circumference  of  Ischia  along  the  water's  edge  is  ei^lM 
miles,  its  length  from  west  to  east  about  five,  and  its  breadth  fn»  aoik 
to  aouth  three  miles.  Several  Greek  colonies  whieh  settled  there  bate 
the  Christian  era  were  compelled  to  abandon  it  in  conseqnenee  of  thi 
violence  of  the  eruptions.  First  the  Erythrsans,  and  afterwards  thi 
Chalcidians,  are  mentioned  as  having  been  driven  oat  by  earthqoakss  mi 
igneous  exhalations.  A  colony  was  afterwarda  eataUiahed  by  HiaSi 
king  of  Syracuae,  about  880  years  before  the  Christian  era;  bat  whaa  Atff 
had  built  a  fortress,  they  were  compelled  by  an  irruption  to  fly,  and  asm 
again  returned.  Strabo  tells  us  that  Timeus  recorded  a  tradition,  ihita 
little  before  his  time,  Epomeus,  the  principal  mountain  in  the  eenlieif 
the  island,  vomited  fire  during  great  earthquakes ;  that  the  land  betwaea 
it  and  the  coast  had  ejected  much  fiery  matter,  which  flowed  into  the  scit 
and  that  the  sea  receded  for  the  distance  of  three  stadia,  and  then  retma- 
ing,  overflowed  the  island.  This  eruption  is  supposed  by  some  to  haw 
been  that  which  formed  the  crater  of  Monte  Carvo  on  one  of  the  higlMr 
flanks  of  Epomeo,  above  Foria,  the  lava-current  of  which  may  still  te 
traced,  by  the  aid  of  the  scoriae  on  its  surface,  from  the  crater  to  the 

To  one  of  the  subsequent  eruptions  in  the  lower  parts  of  the  isle, 
caused  the  expulsion  of  the  first  Greek  colony,  Monte  Rotaro  has  besa 
attributed,  and  it  bears  every  mark  of  recent  origin.  The  cone  is  remuk* 
ably  perfect,  and  has  a  crater  on  its  summit  precisely  resembling  thatflf 
Monte  Nuovo ;  but  the  hill  is  larger,  and  reseipbles  some  of  the  mors  eoa- 
siderable  cones  of  single  eruption  near  Clermont  in  Auvergne,  and,  like 
some  of  them,  it  has  given  vent  to  a  lava-stream  at  its  base,  instead  of  ill 
summit.  A  small  ravine  swept  out  by  a  torrent  exposes  the  stractnrs  of 
the  cone,  which  is  composed  of  innumerable  inclined  and  slightly  nndolat* 
ing  layers  of  pumice,  scoriae,  white  lapiili,  and  enormous  angular  blocks 
of  trachyte.  These  last  have  evidently  been  thrown  out  by  violent  ex- 
plosions, like  those  which  in  1822  launched  from  Veauvius  a  mass  of 

*  Lib.  V,  t  Nat.  Hist.,  lib.  iii.  e.  6. 
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vgitic  lava,  of  many  tons  weight,  to  the  distance  of  three  miles,  which 
fill  in  the  garden  of  Prince  Oitajano.  The  cone  of  Rotaro  is  covered 
rith  the  arbutus,  and  other  beautiful  evergreens.  Such  is  the  strength  of 
be  virgin  soil,  that  the  shrubs  have  become  almost  arborescent ;  and  the  1/ 
rowth  of  some  of  the  smaller  wild  plants  has  been  so  vigorous  that 
otanists  have  scarcely  been  able  to  recognise  the  species. 

The  eruption  which  dislodged  the  Syracusan  colony  is  supposed  to 
tve  given  rise  to  that  mighty  current  which  forms  the  promontory  of 
■TO  and  Caruso.  The  surface  of  these  lavas  is  still  very  arid  and  brist* 
ig,  and  is  covered  with  black  scoriae ;  so  that  it  is  not  without  great 
boor  that  human  Industry  has  redeemed  some  small  spots,  and  con- 
trtad  them  into  vineyards.  Upon  the  produce  of  these  vineyards  the 
ipulation  of  the  island  is  almost  entirely  supported.  It  amounts  at  pre- 
ni  to  about  25,000,  and  is  on  the  increase. 

From  the  date  of  the  great  eruption  last  alluded  to,  down  to  our  own 
ne,  Ischia  has  enjoyed  tranquillity,  with  the  exception  of  one  emission 
lava  hereafter  to  be  described,  which,  although  it  occasioned  much  local 
fluge,  does  not  appear  to  have  devastated  the  whole  country,  in  the 
ioner  of  more  ancient  explosions.  There  are,  upon  the  whole,  on  dif- 
rent  parts  of  Epomeo,  or  scattered  tlirough  the  lower  tracts  of  Ischia, 
elve  considertble  volcanic  cones,  which  have  been  thrown  up  since  the 
and  was  raised  above  tlie  surface  of  the  deep ;  and  many  streams  of 
ra  may  have  flowed,  like  that  of  *  Arso'  in  1302,  without  cones  having 
en  produced ;  so  that  this  island  may,  for  ages  before  the  period  of  the 
motest  traditions,  have  served  as  a  safety-valve  to  the  whole  Terra  di 
iToro,  while  the  fires  of  Vesuvius  were  dormant* 
Lake  ^vernus, — It  seems  also  clear,  that  Avernus,  a  circular  lake  near 
izzuoli,  about  half  a  mile  in  diameter,  which  is  now  a  salubrious  and 
eerlul  spot,  once  exhaled  mephiiic  vapours,  such  as  are  often  emitted 

craters  after  eruptions.  There  is  no  reason  for  discrediting  the  ac- 
ont  of  Lucretius,  that  birds  could  not  fly  over  it  without  being  stifled, 
hough  they  may  now  frequent  it  uninjured.t  There  must  have  been  a 
De  when  this  crater  was  in  action ;  and  for  many  centuries  afterwards  it 
ly  have  deserved  the  appellation  of  *'  atri  janua  Ditis,"  emitting,  perhaps, 
•es  as  destructive  of  animal  life  as  those  suflbcating  vapours  given  out 

JLake  Quilotoa,  in  Quito,  in  1797,  by  which  whole  herds  of  cattle  on 

shores  were  killed^  or  as  those  deleterious  emanations  which  annihi- 
ed  all  the  cattle  in  the  island  of  Lancerote,  one  of  the  Canaries,  in 
30.§     Bory  St  Vincent  mentions,  that  in  the  same  isle  birds  fell  life- 

*  For  an  account  of  the  geology  of  Ischia,  see  Book  iv.  ch.  10. 
\  De  Rerum  Nat,  vi.  740. — Forbes,  on  Bay  of  Naples,  £Uiin.  Jonm.  of  Sci.,  No. 
new  series,  p.  87.    Jan.  1830. 
I  Hamboldt,  Voy.,  p.  317. 
i  Von  Buch,  Uber  einen  vulcanischen  Ansbmch  aof  der  Intel  Lanierots* 
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less  to  the  gronnd ;  and  Sir  William  Hamilton  infonna  oa  thai  he  picked 
up  dead  birda  on  Vesuviua  during  an  eruption. 

Soifatara. — The  Solfatarat  near  Puzzuoli,  which  may  be  considered  u 
a  nearly  extinguished  cratert  appears,  by  the  accounts  of  Strabo  and 
others,  to  have  been  before  the  Christian  era  in  very  much  ihe  sam 
state  as  at  present,  giving  vent  continually  to  aqueous  vapour,  together 
with  sulphureous  and  muriatic  acid  gases,  like  those  evolved  by  Yen- 
vius. 

^eient  hUtory  of  Fen/vtiM.— Such,  then,  were  the  points  where  tbi 
subterranean  fires  obtained  vent,  from  the  earliest  period  to  which  tndi- 
tion  reaches  back,  down  to  ihe  first  century  of  the  Christian  era ;  but  we 
then  arrive  at  a  crisis  in  the  volcanic  action  of  this  district— one  of  the 
most  interesting  events  witnessed  by  man  during  the  brief  period  throofh- 
out  which  he  has  observed  the  physical  changes  on  the  earth's  surfare. 
From  the  first  colonization  of  Southern  Italy  by  the  Greeks,  Vesoriui 
afforded  no  other  indications  of  its  volcanic  character  than  suc^  as  ihe 
naturalist  might  infer,  from  the  analogy  of  its  structure  to  other  voleaooi. 
These  were  recognised  by  Strabo,  but  Pliny  did  not  include  ihe  moun- 
tain in  his  list  of  active  vents.  The  ancient  cone  was  of  a  very  legnltr 
(brm,  terminating,  not  as  at  present,  in  two  peaks,  but  with  a  fiattifh 
summit,  where  the  remains  of  an  ancient  crater,  nearly  filled  up,  had  left 
a  slight  depression,  covered  in  its  interior  by  wild  vines,  and  with  • 
sterile  plain  at  the  bottom.  On  the  exterior,  the  flanks  of  ihe  moontaioe 
were  clothed  with  fertile  fields  richly  cultivated,  and  at  its  base  were  the 
populous  cities  of  Ilerculaneum  and  Pompeii.  But  the  scene  of  repose 
was  at  length  doomed  to  cease,  and  the  volcanic  fire  was  recalled  to  the 
main  channel,  which,  at  some  former  unknown  period,  had  given  pass- 
age to  repeated  streams  of  melted  lava,  sand,  and  scoriae. 

BenewtU  of  its  eruptions. — The  first  symptom  of  tlie  revival  of  the 
energies  of  this  volcano  was  the  occurrence  of  an  earthquake  in  the  year 
63  after  Christ,  which  did  considerable  injury  to  the  cities  in  its  vicinity. 
From  that  time  to  the  year  79  slight  shocks  were  frequent;  and  in  the 
month  of  August  of  that  year  they  became  more  numerous  and  violent, 
till  they  ended  at  length  in  an  eruption.  The  elder  Pliny,  who  com- 
manded the  Roman  fleet,  was  then  stationed  at  Misennm ;  and  in  his 
anxiety  to  obtain  a  near  view  of  the  phenomena,  he  lost  his  life,  being 
suflbcated  by  sulphureous  vapours.  His  nephew,  the  younger  Pliny,  re- 
mained at  Misenum,  and  has  given  us,  in  his  Letters,  a  lively  description 
of  the  awful  scene.  A  dense  column  of  vapour  was  first  seen  rising  ver- 
tically from  Vesuvius,  and  then  spreading  itself  out  laterally,  so  that  its 
upper  portion  resembled  the  head,  and  its  lower  the  trunk  of  the  pine 
which  characterizes  the  Italian  landscape.  This  black  cloud  was  pierced 
occasionally  by  flashes  of  fire  as  vivid  as  lightning,  succeeded  by  dark- 
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■688  more  profound  than  nighu  A8he8  fell  even  upon  the  8hip8  at  Mi8e- 
Qum,  and  caused  a  ahoal  in  one  part  of  tlie  sea— the  ground  rocked*  and 
the  sea  receded  from  the  shores,  so  that  many  marine  animals  were  seen 
on  the  dry  sand.  The  appearances  above  described  agree  perfecdy  witb 
those  witnessed  in  more  recent  eruptions,  especially  those  of  Monte 
Nuovo  in  1538,  and  of  Vesuvius  in  1822. 

Silence  qf  Pliny  respecting  (he  de$Urucl%on  of  HercuUmeum  and  Pom- 
peii, — In  all  times  and  countries,  indeed,  there  is  a  striking  uniformity  in 
the  volcanic  phenomena;  but  it  is  roost  singular  that  Pliny,  although 
giving  a  circumstantial  detail  of  so  many  physical  facts,  and  describing 
the  eruption,  earthquake,  and  showecof  ashes  which  fell  at  Stabiae,  makes 
no  allnsion  to  the  sudden  overwhelming  of  two  large  and  populous  cities, 
Herculaneum  and  Pompeii.  All  naturalists  who  have  searched  into  the 
memorials  of  the  past  for  records  of  physical  events,  must  have  been  sur-> 
prised  at  the  indifference  with  which  the  most  memorable  occurrences  are 
ofi^  passed  by,  in  the  works  of  writers  of  enlightened  periods ;  as  also 
of  the  extraordinary  exaggeration  which  usually  displays  itself  in  the  tra- 
ditions of  similar  events  in  ignorant  and  superstitious  ages.  But  no  omis- 
sion is  more  remarkable  than  that  now  under  consideration ;  nor  has  the 
eireumstance,  we  think,  been  at  all  explained  by  the  suggestion  that  the 
chief  object  of  the  younger  Pliny  was  to  give  Tacitus  a  full  account  of  the 
particulars  of  his  uncle's  death.  We  have  no  hesitation  in  saying,  that  had 
the  buried  cities  never  been  discovered,  the  accounts  transmitted  to  us  of 
Iheir  tragical  end  would  have  been  discredited  by  the  majority,  so  vague 
and  general  are  the  narratives,  or  so  long  subsequent  to  the  event.  Ta- 
dtus,  the  friend  and  contemporary  of  Pliny,  when  adverting  in  general 
terms  to  the  convulsions,  says  merely  that  **  cities  were  consumed  or 
buried."* 

Suetonius,  although  he  alludes  to  the  eruption  incidentally,  is  silent  as 
Id  the  eities.  They  are  mentioned  by  Martial,  in  an  epigram,  as  immers- 
ed in  cinders;  but  the  first  historian  who  alludes  to  them  by  name  is  Don 
CassiuStt  who  flourished  about  a  century  and  a  half  after  Pliny.  He 
appears  to  have  derived  his  information  from  the  traditions  of  the  inhabi- 
tants, and  to  have  recorded,  without  discrimination,  all  the  facts  and  fables 
which  he  could  collect.  He  tells  us,  ''  that  during  the  eruption  a  multi- 
tude of  men  of  superhuman  stature,  resembling  giants,  appeared,  some- 
times on  the  mountain,  and  sometimes  in  the  environs — that  stones  and 
smoke  were  thrown  out,  the  sun  was  hidden,  and  then  the  giants  seemed 
to  rise  again,  while  the  sounds  of  trumpets  were  heard,  &c.  &c. ;  and 
finally,"  he  relates,  **  two  entire  cities,  Herculaneum  and  Pompeii,  were 
buried  under  showers  of  ashes,  while  all  the  people  were  sitting  in  the 
theatre."  That  many  of  these  circumstances  were  invented  would  have 
been  obvious,  even  without  the  aid  of  Pliny's  letters;  and  the  examine* 

•  Hau8t0  aut  obrute  urbci.— HUt.,  lib.  i.  ♦  Hirt.  Rom.»  lib,  tevi. 
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tion  of  Hereulaneum  and  Pompeii  enables  as  to  profiSt  that  none  of  As 
people  were  destroyed  in  the  theatrest  and,  indeed,  that  there  weiefMj 
few  of  the  inhabitants  who  did  not  escape  from  both  cities.  Tet  sum 
lives  were  lost,  and  there  was  ample  foundation  for  the  tele  in  its  SMt 
essential  particulars. 

This  case  may  often  serve  as  a  caution  to  the  geologist,  who  has  E» 
quent  occasion  to  weigh,  in  like  manner,  negative  evidence  derived  (am 
the  silence  of  eminent  writers,  against  the  obscure  but  positive  tcetiiassy 
of  popular  traditions.  Some  authors,  for  example,  would  have  ne  aU  it 
question  the  reality  of  the  Ogygian  deluge,  because  Homer  and  Benol 
say  nothing  of  it.  But  they  were  poets,  not  historians,  and  they  liicd 
mafay  centuries  after  the  latest  date  assigned  to  the  catastrophe.  Hadtbcj 
even  lived  at  the  lime  of  that  flood,  we  might  still  cooCend  that 
lence  ought,  no  more  than  Pliny's,  to  avail  against  the  authority  of 
tion,  however  much  exaggeration  we  may  impute  to  the  traditional  wu- 
rative  of  the  event. 

It  does  not  appear  that  in  the  year  70  any  lava  flowed  frOm  Veeovhn; 
the  ejected  substances,  perhaps,  consisted  entirely  of  lapilli,  sand,  sad 
fragments  of  older  lava,  as  when  Monte  Nuovo  was  thrown  up  in  IBM. 
The  first  era  at  which  we  have  authentic  accounts  of  the  flowing  of  t 
stream  of  lava,  is  the  year  1030,  which  is  the  seventh  eruption  from  the 
revival  of  the  fires  of  the  volcano.  A  few  years  al^erwards,  in  I04il, 
another  eruption  is  mentioned,  and  another  in  1188  (or  1180),  after 
which  a  great  pause  ensued  of  168  years.  During  this  long  interval  of 
repose,  two  minor  vents  opened  at  distant  points.  First,  it  is  on  tradi- 
tion that  an  eruption  took  place  from  the  Solfatara  in  the  year  1190f 
during  the  reign  of  Frederic  II.,  Emperor  of  Germany ;  and  although  no 
circumstantial  detail  of  the  event  has  reached  us  from  those  dark  agei, 
we  may  receive  the  fact  without  hesitation.*  Nothing  more,  however, 
can  be  attributed  to  this  eruption,  as  Mr.  Scrope  observes,  than  the  dis- 
charge of  a  light  and  scoriform  trachytic  lava,  of  recent  aspect,  resting 
upon  the  strata  of  loose  tufi*  which  covers  the  principal  mass  of  traehyte.t 

Volcanic  eruption  in  Ischia^  1302. — The  other  occurrence  is  well 
authenticated, — the  eruption,  in  the  year  1302,  of  a  lava-stream  from  a 
new  vent  on  the  south-east  side  of  the  Island  of  Ischia.  During  part  of 
1301,  earthquakes  had  succeeded  one  another  with  fearful  rapidity;  and 
they  terniimated  at  last  witli  the  discharge  of  a  lava-stream  from  a  point 
named  the  Campo  del  Arso,  not  far  from  the  town  of  Ischm.  This  lava  rafl 
quite  down  to  the  sea — a  distance  of  about  two  miles ;  in  colour  it  varies 
from  iron  gray  to  reddish  black,  and  is  remarkable  for  the  glassy  fel«par 

*  The  earliest  authority,  says  Mr.  Forbes,  given  for  this  fact,  appears  to  be  Cspse- 
cio,  quoted  in  the  Terra  Tremante  of  Bonito. — Edin.  Journ.  of  Sci.,^kc.  No.  I.,  JV.&» 
p.  127.    July,  1829. 

t  Geol.  Trans.,  second  series,  vol.  ii.  p.  346. 
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which  it  contains,  lis  surface  is  almost  as  sterile,  after  a  period  of  five 
centuries,  as  if  it  had  cooled  down  yesterday.  A  few  scantlings  of  wild 
thyme,  and  two  or  three  other  dwarfish  plants,  alone  appear  in  the 
interstices  of  the  scoriae,  while  the  Vesuvian  lava  of  1767  is  already 
covered  with  a  luxuriant  vegetation.  Pontaniis,  whose  country-house 
was  burnt  and  overwhelmed,  describes  the  dreadful  scene  as  having 
lasted  two  months.*  Many  houses  were  swallowed  up,  and  a  partial  emi- 
gration of  the  inhabitants  followed.  This  eruption  produced  no  cone, 
but  only  a  slight  depression,  hardly  deserving  the  name  of  a  crater, 
where  heaps  of  black  and  red  scoriae  lie  scattered  around.  Until  this 
eruption,  Ischia  is  generally  believed  to  have  enjoyed  an  interval  of  rest 
for  about  seventeen  centuries ;  but  Julius  Obsequens.t  who  flourished 
A.  D.  214,  refers  to  some  volcanic  convulsions  in  the  year  662  after  the 
building  of  Rome  (01  b.  c).  As  Pliny,  who  lived  a  century  before  Obse- 
quens,  does  not  enumerate  this  among  other  volcanic  eruptions,  the 
statement  of  the  latter  author  is  supposed  to  have  been  erroneous ;  but  it 
would  be  more  consistent,  for  reasons  before  stated,  to  disregard  the 
silence  of  Pliny,  and  to  conclude  that  some  kind  of  subterranean  commo- 
tion, probably  of  no  great  violence,  happened  at  the  period  alluded  to. 

History  of  Vemvius  afler  1138. — To  return  to  Vesuvius: — the  next 
eruption  occurred  in  1306;  between  which  era  and  1631  there  was  only 
one  other  (in  1500),  and  that  a  slight  one.  It  has  been  remarked,  tliat 
throughout  this  period  Etna  was  in  a  state  of  such  unusual  activity  as  to 
lend  countenance  to  the  idea  that  the  great  Sicilian  volcano  may  some- 
times serve  as  a  channel  of  discharge  to  elastic  fluids  and  lava  that  would 
otherwise  rise  to  the  vents  ip  Campania. 

Formation  of  Monte  Nuovo^  1538. — The  great  pause  was  also  marked 
by  a  memorable  event  in  the  Phlegraean  Fields— the  sudden  formation  of 
a  new  mountain  in  1538,  of  which  we  have  received  authentic  accounts 
from  contemporary  writers.  Frequent  earthquakes,  for  two  years  pre- 
ceding,  disturbed  the  neighbourhood  of  Puzzuoli ;  but  it  was  not  until  the 
27th  and  28th  of  Septembar,  1538,  that  they  became  alarming,  when  not 
less  than  twenty  shocks  were  experienced  in  twenty-four  hours.  At 
length,  on  the  night  of  the  29th,  two  hours  after  sunset,  a  gulf  opened 
between  the  little  town  of  Tripergola,  which  once  existed  on  the  site  of 
the  Monte  Nuovo,  and  the  baths  in  its  suburbs,  which  were  much  fre- 
quented. This  watering-place  contained  an  hospital  for  those  who 
resorted  thither  for  the  benefit  of  the  thermal  springs,  and  it  appears  that 
there  were  no  fewer  than  three  inns  in  the  principal  street.  A  large  fis- 
sure approached  the  town  with  a  tremendous  noise,  and  with  the  emis- 
sion of  flame ;  and  began  to  discharge  mud  composed  of  pumice-stones 
and  ashes  mixed  with  water,  with  some  blocks  of  solid  stone.   The  ashes, 

*  Lib.  vi.  de  Bello  Neap,  in  Gnevii  Thesaur. 
t  Prodig.  libelL,  c.  cziv. 
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bf  vhleh  Uia  tawn  wh  miinljr  omwhclmfld,  fall  ii  imnMaM  qanlitiii^ 
•ven  «t  NiplMi  whila  the  ii«(fabouritif  Puiiooli  wu  deMriBd  hfli 
inhabiUnts.  Th«  MSTstirad  niddflnl;  for SOO  yuda, uul  a  portion  rfib 
bed  wu  led  iry.  The  whole  cout.  from  Honte  Noovo  to  btfoiid  PamJi. 
waf  at  that  time  npraise^lo  the  height  of  many  feat  above  the  bed  of  ika 
HMllarraiiaBii,  and  haa  ever  ainoe  lemaiaed  pannanently  elevated,  tit 
proofa  of  thia  remarkable  event  will  be  conaidared  at  len^  when  tkt 
phenomena  of  the  Temple  of  Serapia  are  deaeribed.*  On  theldofOil» 
ber  the  eruption  ceaaed,  >o  that  the  hill  (1.  Fif.  SS.)i  the  gmt  BMaif 
which  waa  thrown  up  in  s  day  and  a  night,  waa  aoeaeaibli ;  aad  thaM 
who  aacended  reported  that  they  foond  a  fiinnei-eh^ied  enler  on  ik  nn- 
mit.    (3.Fig.SS.) 

Tite  height  of  Honte  Naovo  1^  recently  been  detemuiMd.  by  tti 
Italian  mineraiogiat  Pini,  to  be  440  Engliah  feet  above  the  lercl  of  tht 
bay ;  iia  baae  ia  about  8000  feat,  or  nearly  a  mile  and  a  half,  ia  einnB- 
ference.  According  to  Pini,  the  depth  of  the  enter  ia  431  Eogliik  k» 
from  the  aumfflii  of  the  hillt  ao  that  ita  bottom  ia  only  nineteaa  htt  aboit 

Tig.  33. 


MofUt  /faovo,  formtd  in  llkt  Bay  of  Bma,  Srpt.  25(4, 163a. 

1.  Cone  of  Monte  Nuovo.  3.  Brim  of  crater  of  ditto. 

3,  TheriDftl  ipring,  called  Bath*  of  Nero,  ot  Stnfe  di  Tritoli. 

the  level  of  the  sea.  No  lava  flowed  from  this  cavity,  but  the  ejeeted 
matter  consisted  of  pumiceous  mud  with  some  masses  of  trachyte,  many 
of  them  schistose,  and  resembling  clinkstone.  The  Monte  Nuovo  it 
declared,  by  the  best  auihoriiirs,  to  stnnd  partly  on  iheaite  of  the  Lucrim 

*  Bee  r.bip.  ivi. 
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■ska  (4.  Fig.  23.*),  which  wu  nothing  tnore  than  the  crater  of  a  pre- 
KWtent  volcano,  and  was  almost  entinlj  filled  during  the  explotion  of 
NHI.  Nothing  now  remiiina  but  ■  Bhallow  pool,  Mpanied  Irom  die 
M  bj  an  elevated  beach,  raised  ■rlificially . 

Tig.  23.  ^ 


TTit  PUtgtvan  Fuldi. 
1.  Monte  NnoTO.  3.  Mante  Bubuo.  3.  Lakr  Kiemaa. 

4.  Lnerine  Ldie.  5.  Tbo  Bolfklaca.    '  6.  FannoU. 

7.  B&;  of  Bud. 

VoUanat  of  tht  Phlegrxan  /le/rf(.— Immediately  adjoining  Monte 
KsoTO  ia  the  larger  Tolcanic  cone  of  Monte  Barbaro  (2.  Fig.  2S.),  the 
Sanraa  inania  of  Javen^I— an  appellation  given  to  it  probably  from  ila 
iMp  circnlar  crater,  which  is  about  s  mile  in  diameter.  Large  as  is  this 
■100*1  it  was  probably  produced  by  a  single  eruption ;  and  it  does  not, 
icThsps,  oiceed  in  magnitude  some  of  the  largest  of  those  furmed  in 
xcbia,  within  Ihe  historical  era.  It  it  cumposod  chiefly  of  indurated  tufa, 
ike  Honte  Nuovo,  stratified  conformably  to  its  conical  surface.  This 
liU  was  once  very  celebrated  for  its  wines,  and  is  still  covered  with  rine- 
rwda ;  but  when  the  vine  is  not  in  leaf  it  has  a  sterile  appearance,  and, 
ats  in  the  year,  when  aeen  from  the  beautiful  bay  of  Bais,  it  oflen  con- 
rasts  so  strongly  in  verdure  with  Monte  Nuovo,  which  is  always  clothed 
nth  arbutus,  myrtle,  and  other  wild  evergreens,  that  a  stranger  might 
rell  imagine  the  cone  of  older  dale  to  be  Uiat  thrown  np  in  the  sixteenth 
»atury.t 

*  This  leprefentation  of  the  Flilegisui  Field*  u  reduced  from  pirt  cf  Piste  xxzi. 
>f  Sir  WillikmHsmiltoDi  great  work,  •■  Campi  Phlegmi."  The  futhfulnen  of  his 
»Io(ired  delineitioDi  of  the  (cenerj  of  that  couDtiy  cumot  be  loo  highly  pnued. 

I  Hamilton  (writinginlTTD)  aaya,  "Thenew  nHHmtaiu  prodaeeaas  yet  bDta very 
il«*deT  vegetation." — Campi  FblegTBJ, p. G&.  Thiaremark  waano  longciapplieaUe 
vhcD  I  saw  it,  in  1828. 
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There  is  nothing,  indeed,  so  calculated  to  inetniet  the  geologiat  n  Ai 
striking  manner  in  which  the  reeant  Tolcanic  hills  of  Ischl««  uid  that  bsv 
under  consideration,  blend  with  the  surronndinf  landsoape.  Nothing  sasw 
wanting  or  redundant ;  every  part  of  the  picture  is  fci  such  perfeel  haiOMMj 
w|^  the  rest,  that  the  whole  has  the  appearance  of  having  been  esDri 
into  existence  by  a  single  effort  of  creative  power.  Tet  .what  other  resrit 
could  we  have  anticipated,  if  Nature  has  ever  been  governed  by  the  saM 
laws  T  Each  new  mountain  thrown  up— each  new  tract  of  land  nised 
or  depressed  by  earthquakes-^should  be  in  perfect  accordance  with  thou 
previously  formed,  if  the  entire  configuration  of  the  surface  has  been  dse 
to  a  long  series  of  similar  disturbances.  Were  it  true  that  Jibb  giealer 
part  of  the  dry  jand  originated  simulteneously  in  its  present  state,  at  soM 
era  of  paroiysmal  convulsion,  ind  that  additions  were  afterwards  made 
slowly  and  successively  during  a  period  of  comparative  lepoee ;  tbsa, 
indeed,  there  might  be  reason  to  expect  a  strong  line  of  demaieatioB 
between  the  signs  of  ancient  and  modern  changes.  But  the  very  eon- 
tinuity  of  the  plan,  and  the  perfect  identity  of  the  eattses»  are  to  many  a 
source  of  deception  ;  since,  by  producing  a^unity  of  effect,  they  lead  them 
to  exaggerate  the  energy  of  the  agents  which  operated  in  the  earlier  ages* 
In  the  absence  of  all  historical  information,  they  are  as  unable  to  sepsiats 
the  dates  of  the  origin  of  different  portions  of  our  continents,  as  thestian- 
ger  is  to  determine,  by  their  physical  features  alone,  the  distinct  ages  of 
Monte  Nuovo,  Monte  Barbaro,  Astroni,  and  the  Solfataia. 

The  vast  scale  and  violence  of  the  volcanic  operations  in  Campania,  in 
the  olden  time,  has  been  a  theme  of  declamation,  and  has  been  contrasted 
with  ihe  comparative  state  of  quiescence  of  this  delightful  region  in  the 
modern  era.  Instead  of  inferring  from  analogy,  that  the  ancient  Vesuvioi 
was  always  at  rest  when  the  craters  of  the  Phlegrsan  Fields  were  burn- 
ing,— that  each  cone  rose  rn  succession,— and  that  many  years,  and  often 
centuries,  of  repose  intervened  between  different  eruptions, — ^geologists 
seem  to  have  generally  conjectured  that  the  whole  group  sprung  up  from 
the  ground  at  once,  like  the  soldiers  of  Cadmus  when  he  sowed  the 
dragon's  teeth.  As  well  might  they  endeavour  to  persuade  us  that  on 
these  Fhlegraean  Fields,  as  the  the  poets  feigned,  the  giants  warred  with 
Jove,  ere  yet  the  puny  race  of  mortals  were  in  being. 

Modern  Eruptions  of  Vesuvius. — For  nearly  a  century  after  the  birth 
of  Monte  Nuovo,  Vesuvius  continued  in  a  state  of  tranquillity.  There 
had  tlien  been  no  violent  eruption  for  492  years  ;  and  it  appears  that  the 
crater  was  then  exactly  in  the  condition  of  the  present  extinct  volcano  of 
Astroni,  near  Naples.  Bracini,  who  visited  Vesuvius  not  long  before  the 
eruption  of  1631,  gives  the  following  interesting  description  of  the  interior: 
— "  The  crater  was  five  miles  in  circumference,  and  about  a  thousand 
paces  deep  ;  its  sides  were  covered  with  brushwood,  and  at  the  bottom 
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there  was  a  plain  on  which  cattle  grazed.  In  the  woody  parts  wild  boars 
frequently  harboured.  In  one  part  of  the  plain,  covered  with  ashes,  were 
three  small  pools,  one  filled  with  hot  and  bitter  water,  another  Salter  than 
the  sea,  and  a  third  hot»  but  tasteless.*'*  But  at  length  these  forests  and 
grassy  plains  were  consumed,  being  suddenly  blown  into  the  air,  and 
their  ashes  scattered  to  the  winds.  In  December,  1631,  seven  streams 
of  lava  poured  at  once  from  the  crater,  and  overflowed  several  villages  on 
the  flanks  and  at  the  foot  of  the  mountain.  Resina,  partly  built  over  the 
ancient  site  of  Herculaneum,  was  consumed  by  the  fiery  torrent.  Great 
floods  of  mud  were  as  destructive  as  the  lava  itself, — no  uncommon  oc- 
cnrrence  during  these  catastrophes  ;  for  such  is  the  violence  of  rains  pro- 
duced by  the  evolution  of  aqueous  vapour,  that  torrents  of  water  descend 
the  cone,  and,  becoming  charged  with  impalpable  volcanic  dust,  and  rolling 
along  loose  ashes,  acquire  sufficient  consistency  to  deserve  their  ordinary 
appellation  of  *'  aqueous  lavas." 

A  brief  period  of  repose  ensued,  which  lasted  only  until  the  year  1606, 
from  which  time  to  the  present  there  has  been  a  constant  series  of  erup- 
tions, with  rarely  an  interval  of  rest  exceeding  ten  years.  During  these 
three  centuries  no  irregular  volcanic  agency  has  convulsed  other  points  in 
this  district.  Brieslak  remarked,  that  such  irregular  convulsions  had  oc- 
curred in  the  Bay  of  Naples  in  every  second  century  ;  as,  for  example, 
the  eruption  of  the  Solfatara  in  the  twelfth,  of  the  lava  of  Arso,  in  Ischia, 
in  the  fourteenth,  and  of  Monte  Nuovoin  the  sixteenth  :  but  the  eighteenth 
has  formed  an  exception  to  this  rule,  and  this  seems  accounted  for  by 
the  unprecedented  number  of  eruptions  of  Vesuvius  during  that  period  ; 
whereas,  when  the  new  vents  opened,  there  had  always  been,  as  we  have 
teen,  a  long  intermittance  of  activity  in  the  principal  volcano. 


*  Hamilton's  Campi  Phlegrei,  folio,  vol.  i.  p.  62. ;  and  Brieslak,  Campanie,  tome 
i.  p.  186. 
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Vofemk  Difltriet  <«f  N a|iles,  tmSHnrnwA-  DiiaMMioM  mad  ■tnwtiwt  of  th*  « 
Vesavia»— Oikei  in  the  recent  cone  (p.  317.)-'^Sectioii  thfoogh  YesoThw  aai  I 
m«r— VetUTim  Utu  and  minerab  (p.  380.) — Effects  of  deeompontMia  of  km 
Alloriuiiis  c«Ued  <*  iqneoos  lavaa** — Origin  and  composition  of  the  mntler  ewrelof- 
inf  Heronlaneam  and  Pompeii — Controreniei  on  the  mib|eot— Condition  ini 
contents  of  tlie  buried  cities  (p.  396.)— Small  nnmber  of  Bkeletons  flUtosfy^ 
neiratioa  of  animal  and  TegetaUo  sabstanoes  Rolls  of  Papjnis  PiobaMMijf  rf 
Ihtoto  disooTeries  of  MSS«— Stabiot  (p.  33a)— Tom  del  nrroo  CnanMhyw 
nuurlLs  on  tiie  Campanian  Tolcanos. 

Structure  of  the  cone  of  Vuuviua4 — Bstwbbn  the  end  of  the  eigfateen&i 
century  and  the  year  18229  the  great  crater  of  Vesanos  has  been  giado- 
ally  filled  by  lava  boiling  up  from  below*  and  by  scoris  falling  from  the 
explosiona  of  minor  mouths  which  were  formed  at  ioterrale  on  its  botU» 
and  sides.  In  place  of  a  regular  cavity,  therefore,  there  was  a  rough  and 
rocky  plain,  covered  with  blocks  of  lava  and  scorise,  and  cut  by  nmne' 
rous  fissures,  from  which  clouds  of  vapour  were  evolved.  But  this  stall 
of  things  was  totally  changed  by  the  eruption  of  October,  1822,  whea 
violent  explosions,  during  the  space  of  more  than  twenty  days,  broke  up 
and  threw  out  all  this  accumulated  mass,  so  as  to  leave  an  immense  golf 
or  chasm,  of  an  irregular,  but  somewhat  elliptical  shape,  about  three 
miles  in  circumference  when  measured  along  the  very  sinuous  and  inegn- 
lar  line  of  its  extreme  margin,  but  somewhat  less  than  three-quarters  of  a 
mile  in  its  longest  diameter,  which  was  directed  from  N.  E.  to  8.  W.* 
The  depth  of  this  tremendous  abyss  has  been  variously  estimated;  for 
from  the  hour  of  its  formation  it  decreased  daily  by  the  dilapidation  of 
its  sides.  It  measured,  at  first,  according  to  the  account  of  some  authors, 
2000  feet  in  depth  from  the  extreme  part  of  the  existing  summit  ;t  hut 
Mr.  Scrope,  when  he  saw  it,  soon  after  the  eruption,  estimated  its  depth 
at  less  than  half  that  quantity.  More  than  800  feet  of  tlie  cone  was 
carried  away  by  the  explosions,  so  that  the  mountain  was  reduced  in 
height  from  about  4200  to  3400  feet.} 

As  we  ascend  the  sloping  sides,  the  volcano  appears  a  mass  of  loose 
materials — a  mere  heap  of  rubbish,  thrown  together  without  the  slightest 

*  Account  of  the  Eruption  of  Vesuvius  in  October,  1822,  by  G.  P.  Scrope,  Esq., 
Journ.  of  Sci.,  Ac,  vol.  zv.  p.  175. 

t  Mr.  Forbes,  Account  of  Monnt  Vesuvius,  Edin.  Journ.  of  Sci ,  No.  zviiL  p.  19S. 
Oct.  1826.  t  Ibid.,  p.  104. 
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order ;  but  od  arriving  at  the  brim  of  the  crater,  and  obtaining  a  view  of 
the  interior,  we  are  agreeably  surprised  to  discover  that  tlie  conformation 
of  the  whole  displays  in  every  part  the  most  perfect  symmetry  and  ar-  < 
raiigement.  The  materials  are  disposed  in  regular  strata,  slightly  undu* 
lating,  appearing,  when  viewed  in  front,  to  be  disposed  in  horizontal 
planes.  But,  as  we  make  the  circuit  of  the  edge  of  the  crater,  and  ob- 
serve the  cliffs  by  which  it  is  encircled  projecting  or  receding  in  salient 
or  retiring  angles,  we  behold  transverse  sections  of  the  currents  of  lava 
and  beds  of  sand  and  scoriae,  and  recognise  their  true  dip.  We  then  dis- 
cover that  they  incline  outwards  from  the  axis  of  the  cone,  at  angles 
rarying  from  30°  to  45^.  The  whole  cone,  in  fact,  is  composed  of  a 
number  of  concentric  coatings  of  alternating  lavas,  sand,  and  scoriae. 
Every  shower  of  ashes  which  has  fallen  from  above,  and  every  stream  of 
lava  descending  from  the  lips  of  the  crater,  have  conformed  to  the  out- 
ward surface  of  the  hill,  so  that  one  conical  envelope  may  be  said  to  have 
been  successively  folded  round  another,  until  the  aggregation  of  the  whole 
mountain  waii  eompleted.  The  marked  separation  into  distinct  beds  re- 
sults from  the  different  colours  and  degrees  of  coarseness  in  the  sands* 
scorise,  and  lava,  and  the  alternation  of  these  with  each  other*  The 
greatest  difficulty,  on  the  first  view,  is  to  conceive  how  so  much  regular- 
ity can  be  produced,  notwithstanding  the  unequal  distribution  of  sand 
and  scoriae,  driven  by  prevailing  winds  in  particular  eruptions,  and  the 
small  breadth  of  each  sheet  of  lava  as  it  first  flows  out  from  the  crater. 

But  on  a  closer  examination,  we  find  tliat  the  appearance  of  extreme 
uniformity  is  delusive,  for  when  a  number  of  beds  thin  out  gradually,  and 
at  different  points,  the  eye  does  not  without  difficulty  recognise  the  ter- 
mination of  any  one  stratum,  but  usually  supposes  it  continuous  with 
some  other,  which  at  a  short  distance  may  lie  precisely  in  the  same  plane* 
The  slight  undulations,  moreover,  produced  by  inequalities  on  the  sides 
of  the  hill  on  which  the  successive  layers  were  moulded,  assist  the  decep- 
tion. As  countless  beds  of  sand  and  scoriae  constitute  the  greater  part  of 
the  whole  mass,  these  may  sometimes  mantle  continuously  round  the 
whole  cone ;  and  even  lava-streams  may  be  of  considerable  breadth  when 
first  they  overflow,  and,  since  in  some  eruptions  a  considerable  part  of 
the  upper  portion  of  the  cone  breaks  down  at  once,  may  form  a  sheet 
extending  as  far  as  the  space  which  the  eye  usually  takes  in  in  a  single 
section. 

The  high  inclination  of  some  of  the  beds,  and  the  firm  union  of  the 
particles  even  where  there  is  evidently  no  cement,  is  another  striking 
feature  in  the  volcanic  toffs  and  breccias,  which  seems  at  first  not  very 
easy  of  explanation.  But  the  last  great  eruption  afforded  aniple  illustra- 
tion of  the  manner  in  which  these  strata  are  formed*  Fragments  of  lava, 
scoriae,  pumice,  and  sand*  when  they  fall  at  slight  distances  from  the 
summit,  are  only  half  cooled  down  from  a  state  of  fusion^  and  are  after- 
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waidvaeted  upon  bj  the  heat  from  within,  and  by  fiinierelea  or  mtkl 
crevices  in  the  cone  through  which  hot  Taponn  an  diaengaged.  Tkn 
heated*  the  ejected  fragments  cohere  together  strongly;  and  the  wUe 
mass  acquires  such  oonsistencj  in  a  few  days,  that  fragments  Mnaslbe 
detached  withdnt  a  smart  blow  of  the  hammer.  At  the  same  lime  nal 
and  scorin,  ejected  to  a  greater  distance,  remain  incoherent.* 

Sir  William  Hamilton,  in  his  description  of  the  eimption  of  1770,  mp, 
that  jets  of  liquid  lava,  mixed  with  stones  and  scoris,  were  thrown  vp  H 
the  height  of  at  least  10,000  feet,  having  the  appearance  of  a  eolean 
of  fire.t  Some  of  these  were  directed  by  the  winds  towards  OtlaiaBO^ 
and  some  of  them,  falling  almost  perpendicnlarly^  still  red-hot  and  liqail, 
on  Vesuvius,  covered  its  whole  cone,  part  of  the  mountain  of  Soami, 
and  the  valley  between  thorn.  The  falling  matter  being  nearly  at  vividly 
inflamed  as  that  which  was  continually  issuing  fresh  from'  tli^  eralar, 
formed  with  it  one  complete  body  of  fire,  which  could  not  be  leaa  thu 
two  miles  and  arhalf  in  breadth,  and  of  the  eztieevdinary  height  abeit 
mentioned,  casting  a  heat  to  the  distance  of  at  leaat  aix  miles  annnd  iL 
Dr.  Clarke,  also,  in  his  account  of  the  eruption  of  1708,  says  that  ai3- 
lions  of  red-hot  stones  were  shot  into  the  air  full  half  the  height  of  tlM 
cone  itself,  and  then  bending,  fell  all  round  in  a  fine  arch.  On  aoolher 
occasion  he  says  that,  as  they  fell,  they  covered  nearly  half  the  eoM 
with  fire. 

The  same  author  has  also  described  the  diflerent  appearance  of  the  lavi 
at  its  source,  and  at  some  distance  from  it,  when  it  had  descended  into 
the  plains  below.  At  the  point  where  it  issued,  in  1793,  from  an  arched 
chasm  in  the  side  of  the  mountain,  the  vivid  torrent  rushed  with  the  velo- 
city of  a  flood.  It  was  in  perfect  fusion,  unattended  with  any  scoris  oa 
its  surface,  or  any  gross  materials  not  in  a  state  of  complete  solution.  It 
flowed  with  the  translucency  of  honey,  *'  in  regular  channels,  cut  finer 
than  art  can  imitate,  and  glowing  with  all  the  splendour  of  the  sun.''— 
**  Sir  William  Hamilton,"  he  continues,  '*  had  conceived  tliat  no  stones 
thrown  upon  a  current  of  lava  would  make  any  impression.  I  was  soon 
convinced  of  the  contrary.  Light  bodies,  indeed,  of  five,  ten  and  fifteen 
pounds  weight  made  little  or  no  impression  even  at  the  source ;  but  bodies 
of  sixty,  seventy,  and  eighty  pounds  were  seen  to  form  a  kind  of  bed  on 
the  surface  of  the  lava,  and  float  away  with  it.  A  stone  of  three  hundred 
weight,  that  had  been  thrown  out  by  the  crater,  lay  near  the  source  of  the 
current  of  lava :  I  raised  it  upon  one  end,  and  then  let  it  fall  in  upon  the 
liquid  lava ;  when  it  gradually  sunk  beneath  the  surface,  and  disappeared. 
If  I  wished  to  describe  the  manner  in  which  it  acted  upon  the  lava,  I 
should  say  that  it  was  like  a  loaf  of  bread  thrown  into  a  bowl  of  very  thick 


*  Monticelli  and  Covelli,  Storia  di  Fenon.  del  Vetuv.,  en  1831-S-3. 
t  Campi  Phlegnei. 
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boney,  which  ^[radually  involves  itself  in  the  heavy  liquid,  and  then 
slowly  sinks  to  the  bottom. 

**  The  lava,  at  a  small  distance  from  its  source,  acquires  a  darker  tint 
opon  its  surface,  is  less  easily  acted  upon,  and,  as  the  stream  widens,  the 
surface,  having  lost  its  state  of  perfect  solution,  grows  harder  and  harder, 
and  cracks  into  innumerable  fragments  of  very  porous  matter,  to  which 
they  give  the  name  of  scoris,  and  the  appearance  of  which  has  led  many 
to  suppose  that  it  proceeded  thus  from  the  mountain.  There  is,  how- 
ever, no  truth  in  this.  All  lava,  at  its  first  exit  from  its  native  volcano* 
flows  out  in  a  liquid  state,  and  all  equally  in  fusion.  The  appearance  of 
the  scoriae  is  to  be  attributed  only  to  the  action  of  the  external  air,  and 
not  to  any  difference  in  the  materials  which  compose  it,  sihce  any  lava 
whatever,  separated  from  its  channel,  and  exposed  to  the  action  of  the 
external  air,  immediately  cracks,  becomes  porous,  and  alters  its  fprin., 
As  we  proceeded  downward,  this  became  more  and  more  evident ;.  and 
the  same  l»va  which  tt  i(s  original  source  flowed  in  perfect  solution,  un- 
divided, and  free  from  encumbrances  of  any  kind;  a  little  farther  down 
had  its  surface  loaded  with  scoriae  in  such  a  manner,  that,  upon  its  arrival 
Kt  the  bottom  of  the  mountain,  the  whole  current  resembled  nothing  so 
much  as  a  heap  of  unconnected  cinders  from  an  iron-foundry."  In  another 
place  he  says,  that  **  the  rivers  of  lava  in  the  plain  resembled  a  vast  heap 
of  cinders,  or  the  scoriae  of  an  iron-foundry,  rolling  slowly  along,  and 
falling  with  a  rattling  noise  over  one  another.*** 

It  appears  that  the  intensity  of  the  light  and  heat  of  the  lava  varies  con- 
siderably at  different  periods  of  the  same  eruption,  as  in  that  of  Vesuvius 
in  1819  and  1830,  when  Sir  II.  Davy  remarked  different  degrees  of  vivid- 
ness in  tlie  white  heat  at  the  point  where  the  lava  originated.! 

When  the  expressions  **  flame"  and  '*  smoke*'  are  used  in  describing 
volcanic  appearances,  they  must  generally  be  understood  ift  a  figurative 
sense.  The  clouds  of  apparent  smoke  consist  usually  of  aqueous  and 
other  vapours,  or  of  that  impalpable  dust  which  is  formed  of  finely  com- 
minuted volcanic  scoriae.  The  columns  of  flame  are  very  rarely  if  ever 
ierived  from  inflammable  gases,  but  consist  of  showers  of  incandescent  or 
red-hot  fragments  of  lava,  illuminated  by  that  vivid  light  which  is  emitted 
Tom  the  crater  below,  where  the  lava  is  said  to  glow  with  the  splendour 
>r  the  sun. 

Dikes  in  the  recent  cone,  how  formed. — The  inelined  strata  before 
mentioned,  which  dip  outwards  in  all  directions  from  the  axis  of  the  cone 
>f  Vesuvius,  are  intersected  by  veins  or  dikes  of  compact  lava,  for  tht 
DOSt  part  in  a  vertical  position.}  In  1828  these  were  seen  to  be  about 
leven  in  number,  some  of  them  not  less  than  400  or  600  feet  in 

*  Otter*!  Life  of  Dr.'Clarke.  t  PhU.  Trans.,  189B,  p.  241. 

t  See  Book  iv.  chap.  10. 
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height,  ud  thtsnin;  a«t  bafore  ihey  ruehed  tha  nppwort  put  of  iht 
cone.  B«iiig  huder  thui  tha  bedi  throagh  which  th«y  p«M,  ibej  hnt 
deeompoMd  leM  npidly,  and  tharernra  attnd  onl  in  rdiefL* 

Then  can  bo  no  doubt  that  ihoae  dikea  htra  bean  prodnead  kjikt 
filling  dp  of  open  fitaurea  with  liquid  \vn%  bntof  th«daM  of  llwurbma- 
tion  we  know  noihing  fonher  ibaa  that  diejr  an  all  aabaaqBaBt  to  tta 
year  79,  and,  lelaiinly  apeaking,  (hat  ihay  an  mon  aodani  Ihaa  all  iki 
taraa  and  aoorin  whieh  they  iDteraect.  A  oonaideraUa  mnbor  gf  iki 
vpper  atrata,  not  tnToned  by  them,  moat  have  been  dm  t»  blar  an^ 
tioDi,  if  the  dikea  wen  filled  from  bolow,  and  if  lava  neo  in  ibea  to  Ihi 
anrface.  That  the  earthqnakea,  which  almoat  ioTariably  pmeads  amp 
tlona,  occaaion  renta  in  the  maaa  ie  well  known;  and,  is  18SS,lIuM 
Montbfl  before  the  lara  fiowed  oat,  open  fiaaurea,  OTolvitig.  Int  npean, 
were  nnmerona.  It  ia  clear  that  auch  renta  muat  hi  injocwd  with  malMd 
BMtur  when  ihe  column  of  Ibtk  rieea,  ao  that  the  origin  of  dw  dikaa  if 
eaaily  explained,  aa  alio  the  great  aolidity  and  eryatallino  naUin  of  tka 
rock  compoaing  them,  which  haa  been  formed  by  lava  eoolinf  alaw^f 
nndor  great  preaaore. 

Stetion  through  fcfuvitM  and  Somma, — In  tho  annazKl  diapaa 

(Fig.  34.)  it  will  be  aeeo  that,  on  tite  aiile  of  Vea«riua  oppoatU  to  that 

Fig.  34. 


It  of  Vamxivr  aad  Semmt. 
m.  Honte  Sammt,  or  the  irmuniof  the  aDclnit  none  of  VemiTiD*. 
t.  The  Pcdunnitiiia,  a  terraco-like  proJcctloD,  encircling  the  ten  of  tha  tceail 
cone  orVesuviui,  on  the  lonth  lide. 

c.  AlriodelCaTillo;  io  called  froin  trivellerileBTinj  their  horiee  and  mnletthei* 
vhen  the;  prepare  to  neend  the  cone  on  foot. 

d,  t.  Cmter  lefl  b;  eraption  of  1622. 

/.  Small  cone  thrown  up  in  1628,  at  tha  bottom  of  the  gwtt  oimtvi. 

g,  g.  Dike*  intenecting  Somma. 

k,  k.  Dkkei  interaecting  the  recent  cone  of  Veiufiua. 


•  When  I  Tiailed  VeiuTioi 
B  crater  bjtl 


n  Not.  IBSS,  I  wai  pr«Tented  from  deaeending  into 
Uma  then  throm  ont.    f  onlj  got  light  of  thite  «f 
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vhere  a  portion  of  the  ancient  cone  of  Somma(a)  still  remainst  is  a  pro* 
jection  (b)  ealled  the  Pedamentina,  which  soma  have  supposed  to  be  part  of 
the  eircumfereoce  of  the  ancient  crater  broken  down  towards  the  sea,  and 
oyer  the  edge  of  which  the  lavas  of  the  modern  Vesuvius  have  poured ; 
the  axis  of  the  present  cone  of  Vesuvius  being,  according  to  Visconti,  pre- 
cisely equidistant  from  the  escarpment  of  Somma  and  the  Pedamentina. 
It  has  been  objected  that,  if  the  Pedamentina  and  the  escarpment  of  Som* 
■la  were  the  remains  of  the  original  crater^  that  crater  must  have  been 
many  miles  in  diameter,  and  more  enormous  than  almost  any  one  known 
on  the  globe.  In  answer  to  this,  it  may  be  suggested,  that  probably  the 
ancient  mountain  was  higher  than  Vesuvius  (which,  comparatively  speak- 
ing, is  a  volcano  of  no  great  height,)  and  that  the  explosions  of  the  year 
79  caused  it  not  merely  to  disgorge  the  contents  of  its  crater,  which  had 
long  been  choked  upt^ot  blew  up  a  great  part  of  the  cone  itself:  so  that 
llie  wall  of  Somma,  and  the  ridge  or  terrace  of  the  Pedamentina,  were 
never  the  margin  of  a  crater  of  eruption,  but  are  the  relies  of  a  mined 
and  truncated  cone. 

It  will  be  seen  in  the  diagram  that  the  slanting  beds  of  the  cone  of 
Vesuvius  beeome  horizontal  in  the  Atrio  del  Cavallo  (at  c),  where  the 
base  of  Uie  new  cone  meets  the  precipitous  escarpment  of  Somma ;  for 
when  the  lava  flows  down  to  this  point,  as  happened  in  1822,  its  descend- 
ing course  is  arrested,  and  it  then  runs  in  another  direction  along  this 
small  valley,  circling  round  the  base  of  the  cone.  Sand  and  scoriae,  also, 
blown  by  the  winds,  collect  at  the  base  of  the  cone,  and  are  then  swept 
away  by  torrents ;  so  that  there  is  always  here  a  flattish  plain,  as  repre* 
aented.  In  the  same  manner  the  small  interior  cone  (/)  must  be  com- 
posed of  sloping  beds,  terminating  in  a  horizontal  plain ;  for,  while  this 
monticule  was  gradually  gaining  height  by  successive  ejections  of  lava 
and  scoriae,  in  1828,  it  was  always  surrounded  by  a  flat  pool  of  semi-fluid 
lava,  into  which  scoriae  and  sand  were  thrown. 

The  escarpment  of  Somma  exhibits  a  structure  precisely  similar  to  that 
of  the  cone  of  Vesuvius,  but  the  beds  are  intersected  by  a  much  greater 
number  of  dikes.  The  formation  of  this  older  cone  does  not  belong  to 
the  historical  era,  and  must  not,  therefore,  be  enlarged  upon  in  this  place ; 
but  I  shall  have  occasion  presently  to  revert  to  the  subject,  when  speak- 
ing of  a  favourite  doctrine  of  some  modern  geologists,  concerning  **  craters 


the  dikes;  but  Signor  Monticelli  had  preyiously  had  drawings  made  of  the  whole, 
which  he  showed  me.  The  veins  which  I  saw  were  on  that  side  of  the  cone  which  is 
encircled  by  Somma.  In  March  of  the  year  before  mentioned,  an  eruption  benran  at  the 
bottom  of  the  deep  gnlf  formed  in  lti22.  The  ejected  matter  had  filled  up  nearly  one- 
third  of  the  original  abyss  in  November,  and  the  same  operation  was  still  in  progress, 
a  single  black  cons  being  seen  at  the  bottom  in  almost  oootiBoal  aetivity.  I  found 
the  lava  of  1892  not  yet  cool  on  the  north  side  of  the  eons,  and  avolviag  much  beat 
and  vapour  from  crevices.    It  was  then  upwards  of  sis  yean  aiaoe  U  flowed  out 
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of  eleTttionP'  (Erhebiipgicratgre)^  aAuiuby,  in  defimi^of  ■udogy*  tbo 
origin  of  the  ideniictl  disposition  of  the  strata  and  dikes  in  Yemnus  tad 
8001  ma  has  been  referred  to  a  mode,  of  operation  extremely  dienimihr. 

Vuuvian  Zovos*— The  modern  lavas  of  VesoTias  an  cfaaiaeleriied  kf 
a  large  proportion  of  augite.(or  pyroxene).  They  i|n  often  poipliyritkv 
containing  disseminated  crystals  of  angite,  lencite,  orwme  otUk  miwRili 
imbedded  b  a  more  earthy  base.*  In  regard  to  the  atmctara  oC  thsM 
lavas  on  a  groat  scale*  there  are  no  natural  sections  of  sufficient  depdi  H 
enable  us  to  draw  fair  compariaons  between  them  andiJiio  piydoon  if 
extinct  volcanos.  At  the  fortress  near  Torre  del  Greco  a  iBSCiaa  ii 
exposed,  fifteen  feet  in  height,  of  a  current  which  ran  into  the  aea;  aad 
it  evinces,  especially,  in  the  lower  part,  a  decided  tendency  to  diride  iaiii 
nde  columns.  A  still  more  striking  example  may  be  seen  to  the  west  if 
l^orre  del  Annunaiate,  near  Forte  Scassato,  whei|ilhe  maaa  is  laid  opia 
by  the  sea  to  the  depth  of  twenty  feet.  In  both  these  eases,  hovavMb 
the  rock  may  rather  be  said  to  be  divided  into  numerous 
fissures,  than  to  be  prismatic,  although  the  same  pictnreaqQ»< 
produced.  In  the  lava-currents  of  Central  France  (those  of  the  Yivaniii 
in  particular),  the  uppermost  portion,  often  forty  feet  or  noin  indmlr 
ness,  is  an  amorphous  mass  passing  downwards  into  lava  incgalarif 
prismatic ;  and  under  this  there  is  a  foundation  of  regvhr  and  vevtial 
columns,  but  these  lavas  are  ofteniOO  feet  or  more  in  thieknese.  Wt 
can  scarcely  expect  to  discover  the  same  phenomenon  in  the  shallow 
currents  of  Vesuvius,  where  the  lowest  part  has  cooled  more  rapidly, 
although  it  may  be  looked  for  in  modern  streams  in  Iceland,  which  exmri 
even  those  of  ancient  France  in  volume.  •     - 

Mr.  Scrope  mentions  that,  in  the  clifis  encircling  the  modern  crater  if 
Vesuvius,  he  saw  many  currents  offering  a  columnar  division,  and  soM 
almost  as  regularly  prismatic  as  any  ranges  of  the  older  basalts ;  and  bt 
adds,  that  in  some  the  spheroidal  concretionary  structure,  on  a  largt 
scale,  was  equally  conspicuous. ;{:  Brieslakt  also  informs  us  that,  in  the 
siliceous  lava  of  1737,  which  contains  au^ite,  leucite,  and  crystals  of 
felspar,  he  found  very  regular  prisms  in  a  quarry  near  Torre  del  Greco; 
an  observation  confirmed  by  modern  authorities.$ 

Effects  of  decomposition  on  lavas. — The  decomposition  of  some  of  the 
felspatliic  lavas,  eitlier  by  simple  weathering,  or  by  gaseous  emanations, 
converts  them  from  a  hard  to  a  soft  clayey  state,  so  tliat  they  no  longer 
retain  the  smallest  resemblance  to  rocks  cooled  down  from  a  state  of 
fusion.  The  exhalations  of  sulphuretted  hydrogen  and  muriatic  acid, 
which  are  disengaged    continually   from    the  Solfatara,   also  producs 


*  8ee  Book  tv.  ehap.  10.  t  Journ.  of  ScL,  voL  zv.  p.  177. 

t  V07.  dins  la  Campanie,  tome  i.  p.  201. 

§  BIr.  Focbes,  £din.  Joam.  of  Bel.,  No.  zviu.,  Oct  189B. 


^h.  XL]  VESUVIAN  MINERALS.  821 

curious  changes  oo  the  trachyte  of  thai  nearly  extinct  volcano :  the  rock 
,9  bleached  and  becomes  porous,  fissile,  and  honeycombed,  till  at  length 
i  crumbles  into  a  white  siliceous  powder.^  Numerous  globular  concre- 
ions,  composed  of  concentric  laminae,  are  also  formed  by  the  same 
rapours  in  this  decomposed  rock.t 

They  who  have  visited  the  Phlegnean  Fields  and  the  volcanic  regions 
^f  Sicily,  and  who  are  aware  of  the  many  problematical  appearances 
vhich  igneous  rocks  of  the  most  modern  origin  assume,  especially  after 
decomposition,  cannot  but  be  astonished  at  the  confidence  with  which 
the  contending  Neptunists  and  Vulcanists  in  the  last  century  dogmatized 
)n  the  origin  of  certain  rocks  of  remote  antiquity.  Instead  of  having 
laboured  to  acquire  an  accurate  acquaintance  with  the  aspect  of  known 
volcanic  rocks,  and  the  transmutations  which  they  undergo  subsequently 
to  their  first  consolidition,  the  adherents  of  both  parties  seem  either  to 
have  considered  themselves  born  with  an  intuitive  knowledge  of  the 
^ffeet8  of  volcanic  operations,  or  to  have  assumed  that  they  required  no 
iHher  analogies  that  those  which  a  laboratory  or  furnace  might  supply. 

Vemvian  Minerals, — A  great  variety  of  minerals  are  found  in  the 
lavas  of  Veanvius  and  Somma :  for  so  many  are  common  to  both,  that  it 
ia  unnecessary  to  separate  them*  Augite,  leucite,  felspar,  mica,  olivine, 
md  sulphur,  are  most  abundant.  It  is  an  extraordinary  fact,  that,  in  an 
area  of  three  square  miles  round  Vesuvius,  a  greater  number  of  simple 
minerals  have  been  found  than  in  any  spot  of  the  same  dimensions  on  the 
nirface  of  the  globe.  Hauy  enumerated  only  380  species  of  simple 
Biinerals  as  known  to  him  ;  and  no  less  than  eighty-two  had  been  found 
an  Vesuvius  and  in  the  tuflfs  on  the  flanks  of  Somma  before  the  end  of 
the  year  1828.:(  Many  of  these  are  peculiar  to  that  locality.  Some 
mineralogists  have  conjectured  that  the  greater  part  of  these  were  not  of 
ITeauvian  origin,  but  thrown  up  in  fragments  from  some  older  formation, 
through  which  the  gaseous  explosions  burst.  But  none  of  the  older 
rocks  in  Italy,  or  elsewhere,  contain  such  an  assemblage  of  mineral  pro* 
iacts ;  and  the  hypothesis  seems  to  have  been  prompted  by  a  disinclina- 
tion to  a4a)it  that,  in  times  so  recent  in  the  earth's  history,  the  laboratory 
of  Nature  could  have  been  so  prolific  in  the  creation  of  new  and  rare 
compounds.  Had  Vesuvius  been  a  volcano  of  high  antiquity,  formed 
irhen  Nature 

Wantoned  as  in  her  prime,  and  played  at  will 
Her  virgin  fancies, 

t  would  have  been  readily  admitted  that  these,  or  a  much  greater  variety 


*  Daubeny  on  Volcanos,  p.  169. 

t  Serope,  Geol.  Trans.,  second  series,  vol.  ii.  p.  346. 

t  Monticelli  and  Ck>velli,  Prodom.  della  Mineral.  VasuT. 
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of  •nbttancMt  had  been  sublimed  iirtho  creTieet  of  lafttt  jvst  u  Mieni 
new  earthy  and  metallic  compounds  are  known  to  have  been  piodneed  fcj 
fnmerolesy  since  the  eruption  of  1828.  But  a  violent  hypotheein  appsui 
to  have  been  resorted  to,  in  order  to  explain  away  facts  which  woiU 
imply  the  unimpaired  energy  of  reproductive  causes  in  our  own  tiasas. 

Fbrmaiion  of  7%i^.^— The  above  remarks  apply  simply  to  the  stne- 
tore  of  the  cone:  but  a  small  part  only  of  the  ejected  matter  roiaeiii  to 
near  to  the  volcanic  orifice.  A  large  portion  of  sand  «nd  eeorim  is  bsm 
by  the  winds  and  scatter^  over  die  surrounding  plains:  part  Alls  iois 
the  sea;  and  still  more  is  swept  down  by  torrents  into  the  doop»  dng 
the  intervalsY  often  protracted  for  many  oenturiesv  between  emptisni. 
In  this  case  horizontal  deposits  of  tufaceous  matter  becomo  intetmiicd 
with  other  kinds  of  sediment,  and  with  shells  and  corals»  so  that  rocks  if 
a  mixed  character  are  formed,  such  as  taffsv  ptjperinos*  and  veleaniB 
conglomerates. 

Fhwing  if  lava  under  toctfer.-— Some  of  the  lavaa,  also*  of  Yt 
reach  the  sea,  as  do  those  of  almost  all  volcanoes  since  they  am 
rally  in  islands,  or  bordering  the  coast.  Here  they  find  a  bottoliif  elka 
levelled  by  operations  analagous  to  those  which  form,  deltas;  ss  thit 
instead  of  being  highly  inclined,  as  around  the  cone,  or  in  narrow  banlii 
as  in  a  valley,  they  may  spread  out  in  broad  horizontal  sheets.  It  is  Ml 
improbable,  as  Dr.  Daubeny  has  suggested,  that  they  retain  their  isidiqr 
for  a  considerable  time  longer  beneath  the  sea  than  in  the  open  air ;  fsr 
the  rapidity  with  which  heated  bodies  are  cooled  by  being  plunged  iato 
water  arises  chiefly  from  the  conversion  of  the  lower  portions  of  water 
into  steam,  which  steam,  absorbing  much  heat,  immediately  ascenda,  and 
is  reconverted  into  water.  But  under  the  pressure  of  an  ocean  sufficientlj 
deep  to  prevent  the  formation  of  steam,  the  heat  of  the  lava  would  be 
carried  oflT  more  slowly,  and  only  by  the  circulation  of  ascending  sad 
descending  currents  of  water,  those  portions  nearest  the  source  of  heat 
becoming  specifically  lighter,  and  consequently  displacing  the  water 
above.  This  kind  of  circulation  would  take  place  with  much  less 
rapidity  than  in  tlie  atmosphere,  inasmuch  as  the  expansion  of  water  by 
equal  increments  of  heat  is  less  considerable  than  that  of  air.* 

Voleanic  alluviums, — In  addition  to  the  ejections  which  fall  on  the 
cone,  and  that  much  greater  mass  which  finds  its  way  gradually  to  ths 
neighbouring  sea,  there  is  a  third  portion,  often  of  no  inconsiderable 
thickness,  composed  of  alluviums,  spread  over  the  valleys  and  plains  at 
small  distances  from  the  volcano.  Aqueous  vapours  are  evolved  copiously 
from  a  crater  during  eruptions,  and  often  for  a  long  time  subsequently  to 
the  discharge  of  scoriae  and  lava :  these  vapours  are  condensed  in  the 
cold  atmosphere  surrounding  the  high  volcanic  peak,  and  heavy  rains  are 

*  See  Daubenj's  Volctnos,  p.  400. 
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U8  caused  in  coantries  where,  at  the  same  season  and  under  ordinary 
:rca Distances »  such  a  phenomenon  is  entirely  unknown.     The  floods 
IU8  occasioned  sweep  along  the  impalpable  dust  and  light  8Coris»  till  a 
orrent  of  mud  is  produced,  which  is  called^  in  Campania,  '*  lava  d'  ac- 
iia/'  and  is  often  more  dreaded  than  an  igneous  stream  (lava  di  fuoco), 
cm  the  greater  velocity  with  which  it  moves.     So  late  as  the  27th  of 
ictobery  1822,  one  of  these  alluviums  descended  the  cone  of  Vesuvius, 
id,  after  overspreading  much  cultivated  soil,  flowed  suddenly  into  the 
llages  of  St.  Sebastian  and  Massa,  where,  filling  the  streets  and  interior 
r  some  of  the  houses,  it  suflbcated  seven  persons.   It  will  therefore  hap- 
sn  very  frequently,  that,  towards  the  base  of  a  volcanic  cone,  alternations 
ill  be  found  of  lava,  alluvium,  and  showers  of  ashes. 
Mass  enveloping  Herculaneum  and  Pompeii, — To  which  of  these  two 
tter  divisions  the  mass  enveloping  Herculaneum  and  Pompeii  should  be 
ferred,  has  been  a  question  of  the  keenest  controversy ;  but  the  discus- 
on  might  have  been  shortened,  if  the  combatants  had  reflected  that, 
hether  volcanic  sand  and  ashes  were  conveyed  to  the  towns  by  running 
ater,  or  through  the  air,  during  an  eruption,  the  interior  of  buildings,  so 
Dg  as  the  roofs  remain  entire,  together  with  all  underground  vaults  and 
tliars,  could  be  filled  only  by  an  aUuvium.     We  learn  from  history,  that 
heavy  shower  of  sand,  pumice,  and  lapilla,  sufficiently  great  to  render 
Dmpeii  and  Herculaneum  uninhabitable,  fell  for  eight  successive  days 
id  nights  in  the  year  79,  accompanied  by  violent  rains.     We  ought, 
erefore,  to  find  a  very  close  resemblance  between  the  strata  covering 
ese  towns,  and  those  composing  the  minor  cones  of  the  Phlegraean 
ields,  accumulated  rapidly,   like  Monte  Nuovo,   during  a  continued 
ower  of  ejected  matter ;  with  this  difference,  however,  tliat  the  strata 
eambent  on  the  cities  would  be  horizontal,  whereas  those  in  the  cones 
B  highly  inclined,  and  that  large  angular  fragments  of  rock,  which  are 
rown  out  near  the  vent,  would  be  wanting  at  a  distance,  where  small 
piUi  only  can  be  found.   Accordingly,  with  these  exceptions,  no  identity 
B  be  more  perfect  than  the  form  and  distribution  of  the  matter  at  the 
se  of  Monte  Nuovo,  as  laid  open  by  the  encroaching  sea,  and  the 
pearance  of  the  beds  superimposed  on  Pompeii.     That  city  is  covered    . 
th  numerous  alternations  of  diflerent  horizontal  beds  of  tufl*  and  lapilli,    ^ 
r  the  most  part  thin,  and  subdivided  into  very  fine  layers.     I  observed 
5  following  section  near  the  Amphitheatre,  in  November,  1828— (des- 
Dding  series). 

Fut,     Inehet, 
I.  Black  sparkling  sand  from  the  eruption  of  1822,  containing  mi- 
nute regularly  formed  crystals  of  augite  and  tourmaline,  from  2  to  3* 


*  The  great  eruption,  in  1822,  caused  a  covering  only  a  few  inchei  thick  on  Fom- 
L    Several  feel  are  mentioned  by  Mr.  Forbes. — £d.  Journ.  of  ScienoSy  No.  nz. 
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it 

8.  Vegetable  mould         ......'...30 

3.  Brown  incoherent  taff,  (oli  otfuotxdc  glaMe»  m  UjAri,  from  Imlf 

an  ineh  to  three  inebea  in  thickneaa 16 

4.  Small  aeors  and  white  lapilli ■     %^  "^ 

6.  Brown  earthj  tuff,  with  numerous  piaolitle  globulM      -       -       -   0    9 

6.  Brown  earthj  tuff,  with  li^iilli  divided  into  kjera     -       <•       •       4    0 

7.  Layer  of  whitish  lapilli -       -       -01 

8.  Gray  solid  tuff 0    8 

9.  Pumice  and  white  lapilli ••-08 
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Many  of  the  ashes  in  these  beds  are  vitrified  and  harsh  to  the  touch. 
Crystals  of  loDcite,  both  fresh  and  farinaceous,  have  beeo  found  hlls^ 
mixed.*  The  depth  of  the  bed  of  ashes  above  the  houses  is  ▼ariabIe»lMl 
seldom  exceeds  twelve  or  fourteen  feet,  and  it  is  said  thaf  the  higher  psit 
of  the  Amphitheatre  always  projected  above  the  surface ;  though^  if  ftis 
were  the  case,  it  seems  inexplicable  that  the  city  should  never  have  beet 
discovered  till  the  year  1750.  It  will  be  observed,  in  the  above  seciioe, 
that  two  of  the  brown  half-consolidated  tufis  are  filled  with  siAall  pisolitie 
globules.  It  is  surprising  that  this  circumstance  is  not  alluded  to  u  lbs 
animated  controversy  which  the  Royal  Academy  of  Naples  mmiBtainad 
with  one  of  their  members.  Signer  Lippi,  as  to  the  origin  of  the  stisla 
incumbent  on  Pompeii.  The  mode  of  aggregation  of  these  globideellli 
been  fully  explained  by  Mr.  Scrope,  who  saw  them  formed  in  great  nam- 
bers,  in  1822,  by  rain  falling  during  the  eruption  on  fine  volcanic  sand, 
and  sometimes  also  produced  like  hail  in  the  air,  by  the  mutual  attraction 
of  the  minutest  particles  of  fine  damp  sand.  Their  occurrence,  there- 
fore, ngrees  remarkably  well  with  the  account  of  heavy  rain,  and  showers 
of  sand  and  ashes,  recorded  in  history,  and  is  opposed  to  the  theory  of 
an  alluvium  brought  from  a  distance  by  a  flood  of  water. 

Lippi  entitled  his  work,  **  Fu  il  fuoco  o  V  acqua  che  sotterr5  Pompei 
ed  Ercolano?"t  and  he  contended  that  neither  were  the  two  ddes 
destroyed  in  the  year  79,  nor  by  a  volcanic  eruption,  but  purely  by  the 
'agency  of  water  charged  with  transported  matter.  His  Letters,  wherein 
he  endeavoured  to  dispense,  as  far  as  possible,  with  igneous  agency,  eveo 
at  the  foot  of  the  volcano,  were  dedicated,  with  great  propHety,  to  Werner, 
and  afibrd  an   amusing  illustration  of  the  polemic  style  in  which  geo- 


p.  131.  Jan.  1829.  But  he  mast  have  measured  in  spots  where  it  had  drilled.  The 
dust  and  ashes  were  five  feet  thick  at  the  top  of  the  crater,  and  decreaced  gndnaOj 
to  ten  inches  at  Torre  del  Annunziata.  The  size  and  weight  of  the  ejected  Inf- 
ments  diminished  very  re^larly  in  the  mne  continuous  stratum,  as  the  diitauMt 
from  the  centre  of  projection  was  greater. 
*  Forbes,  ibid.  p.  130.  t  NapoH,  1816. 
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ogical  writers  of  that  day  indulged  themselves.  His  arguments  were 
>artly  of  an  historical  nature,  derived  from  the  silence  of  contemporary 
listorians,  respecting  the  fate  of  the  cities  whicii,  as  we  have  already 
ttated,  is  most  remarkable,  and  partly  drawn  from  physical  proofs.  He 
x>inted  out  with  great  clearness  the  resemblance  of  the  tufaceous  matter 
n  the  vaults  and  cellars  at  Herculaneum  and  Pompeii  to  aqueous  allu- 
riams,  and  its  distinctness  from  ejections  which  had  fallen  through  the 
lir.  Nothing,  he  observed,  but  moist  pasty  matter  could  have  received 
he  impression  of  a  woman's  breast,  which  was  found  in  a  vault  at  Pom- 
>eii,  or  have  given  the  cast  of  a  statue  discovered  in  the  theatre  at  Uer- 
ralaneum.  It  was  objected  to  him,  that  the  heat  of  the  tuff  in  Hercula- 
leum  and  Pompeii  was  proved  by  the  carbonization  of  the  timber,  corn, 
)apynis-rolls,  and  other  vegetable  substances  there  discovered:  but  Lippi  ^ 
vplied  with  truth,  that  the  papyri  would  have  been  burnt  up,  if  they  had 
;ome  in  contact  with  fire,  and  that  their  being  only  carbonized  was  a 
riemr  demonstration  of  their  having  been  enveloped,  like  fossil  wood,  in  a 
pediment  deposited  from  water.  The  Academicians,  in  their  report  on 
lis  pamphlet,  assert,  that  when  the  Amphitheatre  was  first  cleared  out, 
he  matter  was  arranged,  on  the  »teps,  in  a  succession  of  concave  layers, 
iccommodating  themselves  to  the  interior  form  of  the  building,  just  as 
mow  would  lie  if  it  had  fallen  there.  This  observation  is  highly  inter- 
sstlDg,  and  points  to  the  difference  between  the  stratification  of  asiies  in 
in  open  building,  and  of  mud  derived  from  the  same  in  the  interior  of 
edifices  and  cellars.  Nor  ought  we  to  call  the  allegation  in  question, 
!>ecause  it  could  not  be  substantiated  at  the  time  of  the  controversy,  after 
ihe  matter  had  been  all  removed  ;  although  Lippi  took  advantage  of  this 
removal,  and  met  the  argument  of  his  antagonists  by  requiring  them  to 
prove  the  fact. 

Pompeii  not  destroyed  by  /at;a.— There  is  decisive  evidence  that  no 
itream  of  lava  has  ever  reached  Pompeii  since  it  was  first  built,  although 
Lhe  foundations  of  the  town  stand  upon  the  old  leucitic  lava  of  Somma; 
Wferal  streams  of  which,  with  tuff  interposed,  have  been  cut  through  in 
ncavations.  At  Herculaneum  the  case  is  different,  although  the  sub- 
itance  which  fills  the  interior  of  the  houses  and  the  vaults  must  have 
!)een  introduced  in  a  state  of  mud,  like  that  found  in  similar  situations  iu 
Pompeii;  yet  the  superincumbent  mass  differs  wholly  in  composition 
uid  thickness.  Herculaneum  was  situated  several  miles  nearer  to  the 
rolcano,  and  has,  therefore,  been  always  more  exposed  to  be  covered, 
not  only  by  showers  of  ashes,  but  by  alluviums  and  streams  of  lava. 
Accordingly,  masses  of  both  have  accumulated  on  each  other  above  the 
nty,  to  a  depth  of  nowhere  less  than  70,  and  in  many  places  of  112 
feet.* 

*  Hamilton,  Observ.  on  Mount  Vesuvius,  p.  94.    London,  1774. 
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The  tuff  whieh  envelopes  the  hoildiiiga  consitli  of  eonnnratfld  foha- 

nio  aehes,  mixed  with  pumice.    A  maik  imbedded  in  this  matrix  hm 

left  a  east,  the  sharpness  of  whieh  was  compared  by  Hnmiltoa  to  thorn 

in  plaster  of  Paris;  nor  was  the  mask  in  the  least  degree  seorebedyasif 

h  had  been  imbedded  in  heated  matter.    This  toff  is  porous;  aad*  «hm 

first  excavated,  is  soft  and  easily  worlied*  but  acquires  a  eoosideiibb 

degree  of  induration  on  exposure  to  the  air.    Above  this  lowaei  stnlHi 

.  ^    is  placed,  accordipg  to  Hamilton,  **  the  matter  of  six  eruptions^'*  tmk 

3^  V  separated  from  the  other  by  veins  of  good  soiL    In  these  soili  lippi 

'  ^"^    stales  that  he  collected  a  considerable  number  of  land  dielle— an 


tion  which  is  no  doubt  correct;  for  many  snails  bonow  in  soft  aoil8»  sad 
some  Italian  species  descend,  when  they  hybemate,  to  the  depth  of  fiie 
,  feet  and  more  from  the  sorface.  Delia  Torre  also  informs  na  tbat  then 
is  in  one  part  of  this  (Inperimposed  mass  a  bed  of  tros  silieeoalifa 
(laifa  di  putra  dura) ;  and  as  no  such  current  is  believed  to  have  flswsd 
till  near  1000  years  after  the  destruction  of  Hereulaneum,  we  wamn  ega- 
clude,  that  the  origin  of  a  large  part  of  the  covering  of  Herenlaaenm  wm 
long  subsequent  to  the  first  inhumation  of  the  place.  That  ei^,  as  wdl 
as  Pompeii,  was  a  seaport.  Hereulaneum  is  still  very  near  the  ahon^ 
but  a  tract  of  land,  a  mile  in  length,  intervenes  between  the  borden  ef 
the  Bay  of  Naples  and  Pompeii.  In  both  cases  the  gain  of  land  jm  due  ts 
the  filling  up  of  the  bed  of  the  sea  with  volcanic  matter,  and  not  to  Jsta 
Uon  by  earthquakes,  for  there  has  been  no  chuige  in  the  relative  level  ef 
land  and  sea.  Pompeii  stood  on  a  slight  eminence  composed  of  the  Isvas 
of  the  ancient  Vesuvius,  and  flights  of  steps  led  down  to  the  water's  edge. 
The  lowermost  of  these  steps  are  said  to  be  still  on  an  exact  level  with 
the  sea. 

Condition  and  contents  of  the  buried  cities, — After  these  observatioM 
on  the  nature  of  the  strata  enveloping  and  surrounding  the  cities,  we  may 
proceed  to  consider  their  internal  condition  and  contents,  so  far  at  least  as 
they  offer  facts  of  geological  interest.  Notwithstanding  the  much  greater 
depth  at  which  Hereulaneum  was  buried,  it  was  discovered  before  Poai" 
peii,  by  the  accidental  circumstance  of  a  well  being  sunk,  in  1718,  which 
came  right  down  upon  the  theatre,  where  the  statues  of  Hercules  and 
Cleopatra  were  soon  found.  Whether  this  city  or  Pompeii,  both  of 
them  founded  by  Greek  colonies,  was  the  most  considerable,  is  not  yet 
determined ;  but  both  are  mentioned  by  ancient  authors  as  among  ths 
seven  most  flourishing  cities  in  Campania.  The  walls  of  Pompeii  weie 
three  miles  in  circumference ;  but  we  have,  as  yet,  no  certain  knowledgs 
of  the  dimensions  of  Hereulaneum.  In  the  latter  place  the  theatre  alone 
is  open  for  inspection;  the  Fonim,  Temple  of  Jupiter,  and  other  build- 
ings, having  been  filled  up  with  rubbish  as  the  workmen  proceeded, 
owing  to  the  difficulty  of  removing  it  from  so  great  a  depth  below  ground. 
Even   the  theatre  is  only  seen  by  torchlight,  and  the  most  interestiiig 
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Dfonnation,  perhaps,  which  the  geologist  obtains  there,  is  the  continual 
ormation  of  stalactite  in  the  galleries  cut  through  the  tuff ;  for  there  is  a 
ionstant  percolation  of  water  charged  with  carbonate  of  lime  mixed  with 
I  tfoiall  portion  of  magnesia.  Such  mineral  waters  must,  in  the  course  of 
iine,  create  great  changes  in  many  rocks,  especially  in  lavas,  the  pores 
iC  which  they  may  fill  with  calcareous  spar,  so  as  to  convert  them  into 
inygdaloids.  Some  geologists,  tlierefore,  are  unreasonable  when  they 
expect  volcanic  rocks  of  remote  eras  should  accord  precisely  with  those 
»f  modem  date ;  since  it  is  obvious  that  many  of  those  produced  in  our 
iwn  time  will  not  long  retain  the  same  aspect  and  internal  composition. 

Both  at  Hereolaneum  and  Pompeii,  temples  have  been  found  with  in* 
teriptions  commemorating  the  rebuilding  of  the  edifices  after  they  had 
leen  thrown  down  by  an  earthquake.*  This  earthquake  happened  in  the 
"eign  of  Nero,  sixteen  years  before  the  cities  were  overwhelmed.  In 
^ompeii,  one-fourth  of  which  is  now  laid  open  to  the  day,  both  tlie  pub* 
ie  and  private  buildings  bear  testimony  to  the  catastrophe.  The  walls 
ire  rent,  and  in  many  places  traversed  by  fissures  still  open.  Columns 
ire  lying  on  tlie  ground  only  half  hewn  from  huge  blocks  of  travertin, 
ind  the  temple  for  which  they  were  designed  is  seen  half  repaired.  In 
tome  few  places  the  pavement  had  sunk  in,  but  in  general  it  was  undis* 
orbed,  consisting  of  large  irregular  flags  of  lava  joined  neatly  together, 
n  which  the  carriage- wheels  have  often  worn  ruts  an  inch  and  a-half 
leep.  In  the  wider  streets,  the  ruts  are  numerous  and  irregular;  in  the 
larrower,  there  are  only  two,  one  on  each  side,  which  are  very  conspicu* 
ins.  It  is  impossible  not  to  look  with  some  interest  even  on  these  ruts, 
rhich  were  worn  by  chariot- wheels  more  than  seventeen  centuries  ago ; 
md,  independently. of  their  antiquity,  it  is  remarkable  to  see  such  deep 
ncisions  so  continuous  in  a  stone  of  great  hardness.  We  observe 
lothing  of  the  kind  in  the  oldest  pavements  of  modem  cities. 

SmaU  number  of  skeletons. — A  very  small  number  of  skeletons  have 
leen  discovered  in  either  city ;  and  it  is  clear  that  most  of  the  inhabitants 
kH  only  found  time  to  escape,  but  also  to  carry  with  them  the  principal 
lart  of  their  valuable  efilects.  In  the  barracks  at  Pompeii  were  the  skele* 
one  of  two  soldiers  chained  to  the  stocks,  and  in  the  vaults  of  a  country- 
KMise  in  the  suburbs  were  the  skeletons  of  seventeen  persons,  who  appear 
o  have  fled  there  to  escape  from  the  shower  of  ashes.  They  were  found 
nclosed  in  an  indurated  tufi*,  and  in  this  matrix  was  preserved  a  perfect 
:aat  of  a  woman,  perhaps  the  mistress  of  the  house,  with  an  infant  in  her 
irms .  Although  her  form  was  imprinted  on  the  rock,  nothing  but  the 
K>nes  remained.  To  these  a  chain  of  gold  was  suspended,  and  on  the 
iogers  of  the  skeleton  were  rings  with  jewels.  Against  the  sides  of  the 
arae  vault  was  ranged  a  long  line  of  earthen  amphorae. 

The  writings  scribbled  by  the  soldiers  on  the  walls  of  their  barracks, 

*  Swinburne  and  Lalande.    Paderni,  Phil.  Team.,  voL  1.  p.  619.    1758. 
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and  the  namea  of  the  owners  of  eaeh  houie  written  ofer  the  doony  an 
still  perfectl/  legible.  The  colours  of  fresco  paintingv  on  the  etneeoed 
walls  in  the  interior  of  buildings  are  almost  as  Tivid  as  if  they  weie  jvt 
finished.  There  are  public  fountains  decorated  with  shdls  laid  oet  ia 
patterns,  in  the  same  fashion  as  those  now  seeif  in  the  lown  at  Naples; 
and  in  the  room  of  a  painter,  who  was,  perhaps  a  natoralist,  a  laigs eal> 
lection  of  shells  was  found,  comprising  a  great  Tariety  of  Mediienanen 
species,  in  ar  good  a  state  of  preservation  as  if  they  bad  remained  far  tiis 
same  number  of  years  in  a  museum.  A  comparison  of  these  lemiai 
with  those^  found  so  generally  in  a  fossil  state,  would  not  assiai  na  b  eb* 
taining  the  least  insight  into  the  time  required  to  prodoee  a  certain  de- 
gree of  cdecompbsition  or  mineralization ;  for,  altliough  under  favooiaUs 
circumstances,  much  greater  alteration  might  doubtless  haTO  been  btoe^ 
about  in  a  shorter  period,  yet  the  example  before  us  shows  thai  an  iaha- 
mation  of  seventeen  centuries  may  sometimes  efiect  nothing  towards  tlie 
reduction  of  shells  to  the  state  in  which  fossils  are  usually  found. 

The  wooden  beams  in  the  houses  at  Herculaneum  are  Uackondis 
exterior,  but  when  cleft  open  they  appear  to  be  almost  in  the  stale  of  or- 
dinary wood,  and  the  progress  made  by  the  whole  mass  towards  the  state 
of  lignite  is  scarcely  appreciable.  Some  animal  and  vegetable  enbetansM 
of  more  perishable  kinds  have  of  course  suffered  much  change  and  deeaj, 
yet  the  state  of  conservation  of  these  is  truly  remarkable.  FiahingHieto 
are  very  abundant  in  both  cities,  oAen  quite  entire ;  and  their  nnmber  st 
Pompeii  is  the  more  interesting  from  .the  sea  being  now,  as  we  atated,  a 
mile  distant.  Linen  has  been  found  at  Herculaneum,  with  the  textare 
well  defined ;  and  in  a  fruiterer's  shop  in  that  city  were  discovered  vessdt 
full  of  almonds,  chestnuts,  walnuts,  and  fruit  of  the  *'  carubiere,"  all  dii- 
tinctly  recognisable  from  their  shape.  A  loaf,  also,  still  retainifag  iti 
form,  was  found  in  a  baker's  shop,  with  his  name  stamped  upon  iL  Oa 
the  counter  of  an  apothecary  was  a  box  of  pills  converted  into  a  fioe 
earthy  substance ;  and  by  the  side  of  it  a  small  cylindrical  roll,  evidently 
prepared  to  be  cut  into  pills.  By  the  side  of  these  was  a  jar  containiag 
medicinal  herbs.  In  1827,  moist  olives  were  found  in  a  square  glan 
case,  and  "  caviare,"  or  roe  of  a  fish,  in  a  state  of  wonderful  preservatioB. 
An  examination  of  these  curious  condiments  has  been  published  by  Co- 
velli,  of  Naples,  and  they  are  preserved  hermetically  sealed  in  the  ma- 
seum  there.* 

Papyri. — There  is  a  marked  difference  in  .the  condition  and  appea^ 
ance  of  the  animal  and  vegetable  substances  found  in  Pompeii  and  He^ 
culaneum  ;  those  of  Pompeii  being  penetrated  by  a  gray  pulverulent  Vatt, 
those  in  Herculaneum  seeming  to  have  been  first  enieloped  by  a  paste 
which  consolidated  round  them,  and  then  allowed  them  to  become  alowly 
carbonized.     Some  of  the  rolls  of  papyrus  at  Pompeii  still  retain  their 

*  Mr.  Forbef,  Edin.  Joorn.  of  Sei.,  No.  zix.  p.  130.   Jan.  1889. 
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form ;  bat  the  writing,  and  indeed  almost  all  the  vegetable  matter^  appear 
to  have  vanished,  and  to  have  been  replaced  by  volcanic  toff  somewhat 
pulverulent.  At  Herculaneum  the  earthy  matter  has  scarcely  ever  pene- 
trated ;  and  the  vegetable  substance  of  the  papyrus  has  become  a  thin 
friable  black  matter,  almost  resembling  in  appearance  the  tinder  which 
remains  when  stiff  paper  has  been  burnt,  in  whieh  the  letters  may  still 
be  sometimes  traced.  The  small  bundles  of  papyri,  composed  of  five  or 
six  rolls  tied  up  together,  had  sometimes  lain  horizontally,  and  were 
pressed  in  that  direction,  but  sometimes  they  had  been  placed  in  a  verti- 
cal position.  Small  tickets  were  attached  to  each  bundle,  oi\  which  the 
title  of  the  work  was  inscribed.  In  one  case  only  have  the  sheets  been 
found  with  writing  on  both  sides  of  the  pages.  So  numerous  an  the  ob- 
literations and  corrections,  that  many  must  have  been  original  manu- 
scripts. The  variety  of  hand-writings  is  quite  extraordinary  :  nearly  all 
are  written  in  Greek,  but  there  are  a  few  in  Latin.  They  were  almost 
all  found  in  a  suburban  villa,  in  the  library  of  one  private  individual ;  and 
the  titles  of  four  hundred  of  those  least  injured,  which  have  been  read> 
are  found  to  be  unimportant  works,  but  all  entirely  new,  chiedy  relating 
to  musie,  rhetoric,  and  cookery.  There  are  two  volumes  of  Epicurus 
**  On  Nature,"  and  the  others  are  mostly  by  writers  of  the  same  school » 
only  one  fragment  having  been  discovered,  by  an  opponent  of  the  Epi- 
curean system,  Chrysippus.* 

ProhabiHty  of  fuiurt  diaeoveriea  of  MSS, — In  the  opinion  of  some 
antiquaries,  not  one  hundredth  part  of  the  city  has  yet  been  explored  f 
and  the  quarters  hitherto  cleared  out,  at  a  great  expense,  are  those  where 
there  was  the  least  probability  of  discovering  manuscripts.  As  Italy 
could  already  boast  her  splendid  Roman  amphitheatres  and  Greek  tem- 
ples, it  was  a  matter  of  secondary  interest  to  add  to  their  number  those  in 
the  dark  and  dripping  galleries  of  Herculaneum ;  and  having  so  many  of 
the  masterpieces  of  ancient  art,  we  could  have  dispensed  with  the  inferior 
busts  and  statues  which  could  alone  have  been  expected  to  reward  our 
researehes  in  the  ruins  of  a  provincial  town.  But  from  the  moment  that 
it  was  ascertained  that  rolls  of  papyrus  preserved  in  this  city  could  still 
be  deciphered,  every  exertion  ought  to  have  been  steadily  and  exclusive- 
ly directed  towards  the  discovery  of  other  libraries.  Private  dwellings 
should  have  been  searched,  before  so  much  labour  and  expense  were  con- 
sumed in  examining  public  edifices.  A  small  portion  of  that  zeal  and 
enlightened  spirit  which  prompted  the  late  French  and  Tuscan  expedition 
to  Egypt  might,  long  ere  this,  in  a  country  nearer  iiome,  have  snatched 
from  oblivion  some  of  the  lost  works  of  the  Augustan  age,  or  of  eminent 

*  In  one  of  the  manascripta  which  was  in  the  hands  of  the  interpreter!  when  I 
Finted  the  mu«eani,  the  author  indulges  in  the  speculation  that  all  the  Homeric  per- 
■onages  were  allegorical — that  Agamemnon  was  the  ether,  Aohilles  the  sun,  Helen 
the  earth,  Paris  the  air,  Hector  the  moon,  4ko. 
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Greek  historitns  tnd  philonophere.  A  single  roll  of  pepynie  mighi  hxn 
disclosed  more  matter  of  intense  interest  than  all  thai  was  a?er  writteo  n 
hieroglyphics.* 

5'/a6ia;.-— Besides  the  cities  already  mentioned,  StabisB,  m  small  towa 
about  six  miles  from  Vesuviusy  and  near  the  site  of  the  modem  Casld-SF 
Hare  (see  Map  of  Volcanic  District  of  Naples,  faeing  p.  SM,)  wai 
whelmed  during  the  eruption  of  79.  Pliny  mentions  that,  when 
uncle  was  there,  he  was  obliged  to  make  his  escape,  so  great  was  ths 
quantity  of  falling  stones  and  ashes.  In  the  ruins  of  thu  place  a  few 
skeletons  have  been  found,  buried  in  Tolcanic  ejections,  together  with  sooe 
antiquities  of  no  great  value,  and  rolls  of  papjmis,  which,  like  those  of 
Pompeii,  were  illegible. 

Thrre  del  Oreco  overflowed  by  iava.^^f  the  towns  hitherto  mealioBed, 
Herculaneum  alone  has  been  overflowed  by  a  stream  of  melted  matter; 
but  this  did  not,  as  we  have  seen,  enter  or  injure  the  bnitdinga  whieh 
were  previously  enveloped  or  covered  over  with  tuflf.  Bat  boxning  tor- 
rents have  often  taken  their  course  through  the  streets  of  Torre  del  Orseo, 
and  consumed  or  inclosed  a  large  porUon  of  the  town  in  solid  loek.  It 
seems  probable  that  the  destruction  of  three  thousand  of  its  inhabitaBlB, 
in  1631,  which  some  accounts  attribute  to  boiling  water,  was  principally 
due  to  one  of  those  alluvial  floods  which  we  before  mentioned :  bat,  in 
1737,  the  lava  itself  flowed  through  the  eastern  side  of  the  town,  and 
afterwards  reached  the  sea;  and,  in  1794,  another  current,  rolling  over 
the  western  side,  filled  the  streets  and  houses,  and  killed  more  than  foor 
hundred  persons.  The  main  street  is  now  quarried  through  tliis  lava, 
which  supplied  building  stones  for  new  houses  erected  where  others  hsd 
been  annihilated.  The  church  was  half  buried  in  a  rocky  mass,  but  the 
upper  portion  served  as  the  foundation  of  a  new  edifice. 

The  number  of  the  population  at  present  is  estimated  at  fifteen  thoo- 
sand  ;  and  a  satisfactory  answer  may  readily  be  returned  to  those  who  in- 
quire how  the  inhabitants  can  be  so  **  inattentive  to  the  voice  of  time 
and  the  warnings  of  nature,'*!  as  to  rebuild  their  dwellings  on  a  spot  so 
often  devastated.  No  neighbouring  site  unoccupied  by  a  town,  or  whieh 
would  not  be  equally  insecure,  cumbines  the  same  advantages  of  proximi- 
ty to  the  capital,  to  the  sea,  and  to  the  rich  lands  on  the  flanks  of  Vesu- 
vius.    If  the  present  population  were  exiled,  they  would  immediately  be 

*  Durin^r  my  stay  at  Naples,  in  1828,  the  Neapolitan  government,  after  ha  ring  dif- 
continued  operations  foi^ianj  years,  cleared  out  a  small  portion  of  Herculaneam,netr 
the  sea,  where  the  covering  was  least  thick.  Afler  this  expense  had  been  mcorred, 
it  was  discovered  that  the  whole  of  the  ground  had  been  previously  ezamined,  oetr 
a  century  before,  by  the  French  Prince  d'Elb<Buf,  who  had  reflMved  every  thing  of 
value !  Such  is  the  want  of  system  with  which  operations  have  always  been,  aad 
■till  are,  carried  on  here,  that  we  may  expect  similar  blunders  to  be  made  eoe- 
tinually. 

t  Sir  H.  Davy,  Conaolations  in  Travel,  p.  06. 
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replaced  by  another,  for  the  same  reason  that  the  Maremma  of  Tuscany 
and  the  Campagna  di  Roma  will  never  be  depopulated,  although  the 
malaria  fever  commits  more  havoc  in  a  few  years  than  the  Vesuvian  lavas 
in  as  many  centuries.  The  district  around  Naples  supplies  one,  amongst 
innumerable  examples,  that  those  regions  where  the  surface  is  most 
frequently  renewed,  and  where  the  renovation  is  accompanied,  at  dif- 
ferent intervals  of  time,  by  partial  destrur.tioii  of  animal  and  vegetable 
life,  may  nevertheless  be  amongst  the  most  habitable  aud  delightful  on  our 
globe. 

I  have  already  made  a  similar  remark  when  speaking  of  tracts  where 
aqueous  causes  are  now  most  active ;  and  the  observation  applies  as  well 
to  parts  of  the  surface  which  are  the  abode  of  aquatic  animals,  as  to  those 
which  support  terrestrial  species.  The  sloping  sides  of  Vesuvius  give 
nourisliment  to  a  vigorous  and  healthy  population  of  about  eighty  thou- 
sand souls;  and  the  surrounding  hills  and  plains,  together  with  several  of 
the  adjoining  isles,  owe  the  fertility  of  their  soil  to  matter  ejected  by  prior 
eruptions.  Had  the  fundamental  limestone  of  the  Apennines  remained 
uncovered  throughout  the  whole  area,  the  country  could  not  have  sus- 
tained a  twentieth  part  of  its  present  inhabitants.  This  will  be  apparent 
to  every  geologist  who  has  marked  the  change  in  the  agricultural  charac- 
ter of  the  soil  the  moment  he  has  passed  the  utmost  boundary  of  the  vol- 
canic ejections,  as  when,  for  example,  at  the  distance  of  about  seven 
miles  from  Vesuvius,  he  leaves  the  plain  and  ascends  the  declivity  of  the 
Sorrentine  Hills. 

Concluding  remarks. — Yet,  favoured  as  this  region  has  been  by  Na- 
ture from  time  immemorial,  the  signs  of  the  changes  imprinted  on  it 
during  the  period  that  it  has  served  as  the  habitation  of  man,  may  appear 
in  after-ages  to  indicate  a  series  of  unparalleled  disasters.  Let  us  suppose 
that  at  some  future  time  the  Mediterranean  should  form  a  gulf  of  the 
great  ocean,  and  that  the  tidal  current  should  encroach  on  the  shores  of 
Campania,  as  it  now  advances  upon  the  eastern  coast  of  England ;  the 
geologist  will  then  behold  the  towns  already  buried,  and  many  more  which 
will  evidently  be  entombed  hereafter,  laid  open  in  the  steep  cliffs,  where 
he  will  discover  buildings  superimposed  above  each  other,  with  thick  in- 
tervening strata  of  tuff  or  lava — some  unscathed  by  fire,  like  those  of  Her- 
eulaneum  and  Pompeii ;  others  half  melted  down,  as  in  Torre  del  Greco ; 
and  many  shattered  and  thrown  about  in  strange  confusion,  as  in  Triper- 
gola.  Among  the  ruins  will  be  seen  skeletons  of  men,  and  impressions  of 
the  human  form  stamped  in  solid  rocks.  Nor  will  the  signs  of  earth- 
quakes be  wanting.  The  pavement  of  part  of  the  Domitian  Way,  and 
the  Temple  of  the  Nymphs,  submerged  at  high  tide,  will  be  uncovered 
at  low  water,  the  columns  remaining  erect  and  uninjured.  Other  temples 
which  had  once  sunk  down,  like  that  of  Serapis,  will  be  found  to  have 
been  upraised  again  by  subsequent  movements.  If  they  who  study  these 
phenomena,  and  speculate  on  their  causes,  assume  that  there  were  periods 
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when  die  law*  of  Nature  difiered  from  thoea  estaUiehad  in  Amt  ^wa 
tittei  thej  will  acarcely  heiitate  to  refer  the  wobderfvl  nonaneBti  ia 
^ueftion  to  thoee  primeval  agee.  When  they  conaider  tbe  noBiewai 
proofs  of  reiterated  catastrophes  to  which  the  region  was  aabfacl,  thij 
tnay,  perhaps,  commiserate  the  unhappy  fate  of  beiogs  oondemned  lo  in- 
habit a  planet  during  its  nascent  and  chaotic  state*  and  ieel  gralefiil  dm 
their  fiiTOured  race  has  escaped  such  scenes  of  anarchy  and  miaralew 

Yet  what  was  the  real  condition  of  Campania  dnrittf  those  jmn  sf 
dire  convulsion  !  '*  A  climate  where  heaven's  breath  smella  sweei  sad 
wooiogly— a  vigorona  and  luxuriant  nature  unparslleled  in  ita  prodoeiions 
•—a  coast  which  was  once  the  fairy  land  of  poets*  and  the  favoarite  ntnst 
of  great  men.  Even  the  tyrants  of  the  creation  loved  this  alluring  legioa, 
spared  it,  adorned  it,  lived  in  it,  died  in  it,'**  The  inhabitants,  indeed, 
have  enjoyed  no  immunity  from  the  calamities  which  are  the  lol  of  msn- 
kind;  but  the  principal  evils  which  they  have  suffered  oiust  be  sttri- 
bated  to  moral,  not  to  physical,  causes— to  disastrous  events  over  which 
man  might  have  exercised  a  control,  rather  than  to  the  inevitable  eslM- 
trophes  which  result  from  subterranean  agency.  When  Spartaens  en- 
camped his  army  of  10,000  gladiators  in  the  old  extinct  enter  of  Ysss* 
vius,  the  volcano  was  more  justly  a  subject  of  terror  to  Campaniat  than  it 
has  ever  been  since  the  rekindling  of  its  fires. 
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External  physiognomy  of  Etna^Latenl  cones— Their  sncceMive  obliteration— Early 
eruptions  of  Etna— Monti  Rossi  in  1669— Great  Fissurp  of  8.  Lio — Towns  ove^ 
flowed  by  laya^-Fart  of  Catania  destroyed  (p.  336.) — Modeof  tdvmnoeof  a  cmrcflt 
of  lava — Excavation  of  a  church  under  lavft — Subterranean  caTemt-^Luwsr  di- 
rection of  cones  formed  in  1811  and  1819 — Flood  produced  in  1755  by  the  melting 
of  snow  durin^r  an  emption — A  ^rlacier  covered  by  lava  on  Etna — Volcanic  erap* 
tions  in  Iceland  (p.  341.) — New  island  thrown  up  in  1783 — Lara  comnts  of 
6kapt4r  Jokul  in  same  year — Their  immense  volume— Eruption  of  Jomllo  ia 
Mexico  (p.  345.)— Humboldt's  Theory  of  the  convexity  of  the  Plain  of  Malpais. 

External  physiognomy  of  the  con^.— Haying  entered  into  a  detsiled 
historical  account  of  the  changes  in  the  volcanic  district  round  Naples,  I 

•  FSpiiyth's  Italy,  Tol.  u. 
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•hall  allade  in  a  more  (nirsory  manner  to  some  of  the  circa mstances  of 
principal  interest  in  the  history  of  other  volcanic  moantains.  After  Ve- 
suvius, onr  most  authentic  records  relate  to  Etna,  which  rises  near  the 
•ea  in  solitary  grandeur  to  the  height  of  nearly  11,000  feet,*  the  mass 
being  chiefly  composed  of  volcanic  )natter  ejected  ahove  the  surface  of  the 
water.  The  base  of  the  cone  is  almost  circular,  and  eighty-seven  Eng* 
lish  miles  in  circumference ;  but  if  we  include  the  whole  district  over 
which  its  lavas  extend,  the  circuit  is  probably  twice  that  extent. 

Divided  into  three  regions,^— The  cone  is  divided  by  nature  into  three 
distinct  zones,  called  ihe  fertile^  the  woody ^  and  the  desert  regions.  The 
first  of  tliese,  comprising  the  delightful  country  around  the  skirts  of  the 
mountain,  is  well  cultivated,  thickly  inhabited,  and  covered  with  olives, 
vines,  com,  fruit  trees,  and  aromatic  herbs.  Higher  up,  the  woody 
region  encircles  the  mountain — an  extensive  forest,  six  or  seven  miles  in 
width,  affording  pasturage  for  numerous  flocks.  The  trees  are  of  vari- 
ous species,  the  chestnut,  oak,  and  pine  being  most  luxuriant ;  while  in 
some  tracts  are  groves  of  cork  and  beech.  Above  the  forest  is  the  desert 
region,  a  waste  of  black  lava  and  scoris  ;  where,  on  a  kind  of  plain, 
rises  the  cone  to  the  height  of  about  1100  feet,  from  which  sulphureous 
vapours  are  continually  evolved.  The  most  grand  and  original  feature  in 
the  physiognomy  of  Etna  is  the  multitude  of  minor  cones  which  are  dis- 
tributed over  its  flanks,  and  which  are  most  abundant  in  the  woody 
region.  These,  although  they  appear  but  trifling  irregularities  when 
viewed  from  a  distance  as  subordinate  parts  of  so  imposing  and  colossal 
a  mountain,  would,  nevertheless,  be  deemed  hills  of  considerable  altitude 
in  almost  any  other  region. 

ConeM  produced  by  lateral  ert^/ton^.— Without  enumerating  numerous 
monticules  of  ashes  thrown  out  at  different  points,  there  are  about  eighty 
of  these  secondary  volcanos,  of  considerable  dimensions ;  fifty-two  on 
the  west  and  north,  and  twenty-seven  on  the  east  side  of  Etna.  One  of 
the  largest,  called  Monte  Minardo,  near  Bronte,  is  upwards  of  700  feet  in 
height,  and  a  double  hill  near  Nicolosi,  called  Monti  Rossi,  formed  in 
16G9,  is  450  feet  high,  and  the  base  two  miles  in  circumference :  so  that 
it  somewhat  exceeds  in  size  Monte  Nuovo,  before  described.  Yet  it 
ranks  only  as  a  cone  of  the  second  magnitude,  amongst  those  produced 
by  the  lateral  eruptions  of  Etna.     On  looking  down  from  the  lower  bor- 


*  In  1815,  Captain  Smyth  ascertained,  trigonometrically,  that  the  height  of  Etna 
was  10,874  feet.  The  Catanians,  disappointed  that  their  mountain  had  lost  nearly 
2000  jfeet  of  the  height  assigned  to  it  hy  Recupero,  refused  to  acquiesce  in  the  deci- 
non.  Aflerwards,  in  1824,  Sir  J.  Herschel,  not  being  aware  of  Captain  Smyth's 
conclusions,  determined,  by  careful  barometrical  measurement,  that  the  height  was 
10,872^  feet.  This  singular  agreement  of  results  so  differently  obtained  was  spoken 
of  by  Herschel  as  *<  a  happy  accident ;"  but  Dr.  Wollaston  remarked  that  <'  it  was 
one  of  those  accidents  which  would  not  have  happened  to  two  fools." 
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dera  of  the  desert  region*  these  Toleanos  present  ue  with  one  of  the  most 
delightful  and  characteristic  scenes  in  Enrope.  Thej  afford  OYory  vaiielj 
of  height  and  size,  and  are  arranged  in  beautiful  and  pictareoqno  gioaps. 
However  uniform  they  may  appear  when  seen  from  the  seat  <»  the  jitim 
below,  nothing  can  be  more  diversified  than  their  shape  when  we  look 
from  above  into  tlieir  craters,  one  side  of  which  is  genenlly  broken  down. 
There  are,  indeed,  few  objects  in  nature  more  picturesqne  then  e  wooded 
volcanic  crater.  The  cones  situated  in  the  higher  parts  of  the  forest 
zone  are  chiefly  clothed  with  lofty  pines;  while  those  at  a  lower  elevir 
tion  are  adorned  with  chestnuts,  oaks,  beech,  and  holm. 

Suec§9nve  oUUeraiion  of  the$e  conet .—- The  history  of  the  eruptions 
of  Etna,  imperfect  and  interrupted  as  it  is,  affords,  nevertheless,  a  foil 
insight  into  the  manner  in  which  the  whole  mountain  has  sneeessively 
atuined  its  present  magnitude  and  internal  structure.  The  principal  eoee 
has  more  than  once  fallen  in  and  been  reproduced.  In  1444  it  was  380 
feet  high,  and  fell  in  after  the  earthquakes  of  1687.  In  the  year  16M, 
when  a  violent  earthquake  shook  the  whole  of  Sicily  and  killed  60,000 
persons,  the  cone  lost  so  much  of  its  height,  says  Boocone,  that  it  ooold 
not  be  seen  from  several  places  in  Valdemone,  from  which  it  was  befoie 
visible.  The  greater  number  of  eruptions  happen  either  from  the  greit 
crater,  or  from  lateral  openings  in  the  desert  region.  When  hills  are 
thrown  up  in  the  middle  zone,  and  project  beyond  the  general  levd«  they 
gradually  lose  their  height  during  subsequent  eruptions ;  for  when  Ian 
runs  down  from  the  upper  parts  of  the  mountain,  and  encounters  any  of 
these  hills,  the  stream  is  divided,  and  flows  round  them  so  as  to  elevate 
the  gently  sloping  grounds  from  which  they  rise.  In  this  manner  s 
deduction  is  often  made  at  once  of  twenty  or  thirty  feet,  or  even  more, 
from  their  height.  Thus,  one  of  the  minor  cones,  called  Monte  Pelueo, 
was  diminished  in  altitude  by  a. great  lava  stream  which  encircled  it  in 
1444;  and  another  current  has  recently  taken  tlie  same  course — ^yet  this 
hill  still  remains  four  or  five'hundred  feet  high. 

There  is  a  cone  called  Monte  Nucilla,  near  Nicolosi,  round  the  base  of 
which  several  successive  currents  have  flowed,  and  showers  of  ashes  have 
fallen,  since  the  time  of  history,  till  at  last,  during  an  eruption  in  1630, 
the  surrounding  plain  was  so  raised,  that  the  top  of  the  cone  alone  was 
left  projecting  above  the  general  level.  Monte  Nero,  situated  above  the 
Grottadeir  Capre,  was  in  1766  almost  submerged  by  a  current;  and  Monte 
Capreoio  aflbrded,  in  the  year  1669,  a  curious  example  of  one  of  the  last 
stages  of  obliteration :  for  a  lava  stream,  descending  on  a  high  ridge 
which  had  been  built  up  by  the  continued  superposition  of  successive 
lavas,  flowed  directly  into  the  crater,  and  nearly  flUed  it.  The  lava, 
therefore,  of  each  new  lateral  cone  tends  to  detract  from  the  relative 
height  of  lower  cones  above  their  base;  so  that  the  flanks  of  Etna, 
sloping  with  a  gentle  inclination,  envelope  in  succession  a  great  multitude 
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of  minor  volcanos,  while  new  ones  spring  up  from  time  to  time ;  and  this 
has  given  to  the  older  parts  of  the  mountain,  as  seen  in  some  sections,  2000 
or'  3000  feet  perpendicular,  a  complex  and  highly  interesting  internal 
structure. 

Early  eruptions  of  Etna, — Etna  appears  to  have  been  in  activity  from 
the  earliest  times  of  tradition ;  for  Diodorus  Siculus  mentions  an  eruption 
which  caused  a  district  to  be  deserted  by  the  Sicani  before  the  Trojan 
war.  Thucydides  informs  us,  that  in  the  sixth  year  of  the  Peloponnesian 
war,  or  in  the  spring  of  the  year  425  b.  c,  a  lava  stream  ravaged  the 
environs  of  Catania,  and  this,  he  says,  was  the  third  eruption  which  had 
happened  in  Sicily  since  the  colonization  of  that  island  by  the  Greeks.* 
The  second  of  the  three  eruptions  alluded  to  by  tlie  historian  took  place 
la  the  year  475  b.  c,  and  was  that  so  poetically  described  by  Pindar,  two 
years  afterwards,  in  his  first  Pythian  ode  :— 

Xievoc  o^iictf  rtBufA- 

In  these  and  the  seven  verses  which  follow,  a  graphic  description  is 
given  of  Etna,  such  as  it  appeared  five  centuries  before  the  Christian  era, 
and  such  as  it  has  been  seen  when  in  eruption  in  modern  times.  The 
poet  is  only  making  a  passing  allusion  to  the  Sicilian  volcano,  as  the 
mountain  under  which  Typhoeus  lay  buried,  yet  by  a  few  touches  of  his 
master  hand  every  striking  feature  of  the  scene  has  been  faithfully  por- 
trayed. We  are  told  of  **  the  snowy  Etna,  the  pillar  of  heaven, — the 
Durse  of  everlasting  frost,  in  whose  deep  caverns  lie  concealed  the  foun- 
tains of  unapproachable  fire— a  stream  of  eddying  smoke  by  day — a 
bright  and  ruddy  flame  by  night ;  and  burning  rocks  rolled  down  with 
loud  uproar  into  the  sea." 

Eruption  of  1669— 3/on/t  Jioasi  formed.^^The  great  eruption  which 
happened  in  the  year  1669  is  the  first  which  claims  particular  attention. 
An  earthquake  had  levelled  to  the  ground  all  the  houses  in  Nicolosi,  a 
town  situated  near  the  lower  margin  of  the  woody  region,  about  twenty 
miles  from  the  summit  of  Etna,  and  ten  from  the  sea  at  Catania.  Two 
gulfs  then  opened  near  that  town,  from  whence  sand  and  scoriae  were 
thrown  op  in  such  quantity,  that,  in  the  course  of  three  or  four  months, 
a  double  cone  was  formed,  called  Monti  Rossi,  about  450  feet  high.  But 
the  most  extraordinary  phenomenon  occurred  at  the  commencement  of 
the  convulsion  in  the  plain  of  S.  Lio.  A  fissure  six  feet  broad,  and  of 
unknown  depth,  opened  with  a  loud  crash,  and  ran  in  a  somewhat  tor 
tuous  course  to  within  a  mile  of  the  summit  of  Etna.    Its  direction  was 

*  Book  iii.,  at  the  end. 
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from  north  to  routh,  and  ita  length  twolve  milM.  It  omitled  a  moit  ritil 
lighL  Fire  other  parallel  fiaauraa  oT  coniidenUe  length  anannidi 
-'  .i^ned  one  after  the  other,  and  emitted  amoka,  and  gave  ont  bdl»wiB| 
Monda  which  wen  heard  at  tha,diB(eace  of  forty  milaa.  TbiM  eawiMW 
to  preaent  tba  geologiat  with  an  illuatration  of  the  manner  in  which  thoaa 
eonlinuoua  dikea  of  Terlical  foiphyrj  wero  formed  whieh  are  bms  to 
Iraveree  aome  of  the  older  lana  of  Etna;  for  the  li^i  erailled  fi«ai  tka 
great  rent  of  8.  Lio  appeara  to  indicate  that  the  fiaaure  waa  filled  to  a 
certain  height  with  incandescent  lava  probabljr  to  the  height  of  en  ofiict 
not  far  distant  from  Monti  Rossi,  which  at  thai  time  opened  and  poui«d  oal 
a  lava  cnrrenL  When  the  melted  matter  in  such  a  rent  has  cooled,  it  nvt 
become  a  solid  wall  or  dike,  inienecting  the  older  roeka  of  which  llw 
mountain  is  conipoied. 

The  lava  current  above  alluded  to  aoon  reached  in  iuconrae  a  minor  COM 
called  Mompiliere,  at  the  base  of  which  it  entered  a  subterranean  groltOi 
communicating  with  a  suite  of  those  caveme  which  are  ao  common  in  thi 
lavaa  of  Etna.  Here  it  appeara  to  have  melted  down  aome  of  the  Tanlwd 
foundations  of  the  hill,  so  that  the  whole  of  that  cone  became  alightlj  de- 
pressed and  traversed  by  numerous  open  fissures. 

Part  of  Catania  deitroyed. — The  lava,  after  overflowing  fourteen  town 
and  villagen,  some  having  a  population  of  between  8000  and  4000  ia- 
habitanis,  arrived  at  length  at  the  walls  of  Catania.  Theae  had  ban 
purpose!)'  raised  to  protect  the  city  ;  but  the  burning  flood  aconmolalHl 
till  it  rose  to  the  top  of  Uie  rampart,  which  was  sixty  feet  in  heigbli 
and  then  it  fell  in  a  fiery  cascade  and  overwhelmed  partof  theoity.    Thi 

*  The  liill  wliich  1  have  here  iotrodaeed  wu  called  by  mj  piide  Vanpohn, 
but  the  Dune  given  in  the  text  ii  the  newest  to  this  which  I  find  in  Qemawlluo'i 
Cataiogoe  of  Minor  Cooes. 
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wall,  however,  was  not  thrown  down,  hnt  was  discovered  long  afterwards, 
by  excavations  made  in  the  rock  by  the  Prince  of  Biscari ;  so  that  the 
traveller  may  now  see  the  solid  lava  curling  over  the  top  of  the  rampart 
as  if  still  in  the  very  act  of  falling. 

This  great  current  had  performed  a  course  of  fifteen  miles  before  it 
entered  the  sea,  where  it  was  still  six  hundred  yards  broad  and  forty 
feet  deep.  It  covered  some  territories  in  the  environs  of  Catania,  which 
had  never  before  been  visited  by  the  lavas  of  Etna.  While  moving  on, 
its  surface  was  in  general  a  mass  of  solid  rock ;  and  its  mode  of  advanc- 
ing, as  is  usual  with  lava  streams,  was  by  the  occasional  fissuring  of  the 
solid  walls.  A  gentleman  of  Catania,  named  Pappalardo,  desiring  to 
secure  the  city  from  the  approach  of  the  threatening  torrent,  went  out  with 
a  party  of  fifty  men  whom  he  had  dressed  in  skins  to  protect  them  from 
the  heat,  and  armed  with  iron  crows  and  hooks.  They  broke  open  one 
of  the  solid  walls  which  flanked  the  current  near  Belpasso,  and  immedi- 
ately forth  issued  a  rivulet  of  melted  matter,  which  took  the  direction  of 
Paterno  ;  but  the  inhabitants  of  that  town,  being  alarmed  for  their  safety, 
took  up  arms  and  put  a  stop  to  farther  operations.* 

As  another  illustration  of  the  solidity  of  the  walls  of  an  adfancing  lava 
stream,  I  may  mention  an  adventure  related  by  Recupero,  who,  1766f 
had  ascended  a  small  hill  formed  of  ancient  volcanic  matter,  to  behold  the 
slow  and  gradual  approach  of  a  fiery  current,  two  miles  and  a-half  broad ; 
when  suddenly  two  small  threads  of  liquid  matter  issuing  from  a  crevice 
detached  themselves  from  the  main  stream,  and  ran  rapidly  towards  the 
hill.  He  and  his  guide  had  just  time  to  escape,  when  they  saw  the  hill, 
which  was  fifty  feet  in  height,  surrounded,  and  in  a  quarter  of  an  hour 
melted  down  into  the  burning  mass,  so  as  to  flow  on  with  it. 

But  it  must  not  be  supposed  that  this  complete  fusion  of  rocky  matter 
coming  in  contact  with  lava  is  of  universal,  or  even  common,  occurrence. 
It  probably  happens  when  fresh  portions  of  incandescent  matter  come 
roccessively  in  contact  with  fusible  materials.  In  many  of  the  dikes  which 
intersect  the  tufls  and  lavas  of  Etna,  there  is  scarcely  any  perceptible  al- 
teration efl*ected  by  heat  on  the  edges  of  the  horizontal  beds,  in  contact 
with  the  vertical  and  more  crystalline  mass.  On  the  site  of  Mompiliere, 
one  of  the  towns  overflowed  in  the  great  eruption  above  described,  an  ex- 
cavation was  made  in  1704  ;  and  by  immense  labour  the  workmen  reached, 
at  the  depth  of  thirty-five  feet,  the  gate  of  the  principal  church,  where 
there  were  three  statutes,  held  in  high  veneration.  One  of  these,  together 
with  a  bell,  some  money,  and  othe;*  articles,  were  extracted  in  a  good 
itate  of  preservation  from  beneath  a  great  arch  formed  by  the  lava.  It 
leems  very  extraordinary  that  any  works  of  art,  not  encased  with  tuflf, 
like  those  in  lierculaneum,  should  have  escaped  fusion  in  hollow  spaces 

*  Ferrara,  Descriz.  dell'  Etna,  p.  108. 
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left  open  in  this  lava  current,  which  was  so  hot  at  Cmtaoia  right  ytan 
after  it  entered  the  town,  that  it  was  impossible  to  hold  the  hand  in  some 
of  the  crevices. 

Subterranean  cavern*  on  Etna. — Mention  was  made  or  the  entnnec 
of  a  lava  stfeam  into  a  subterranean  grotto,  whereby  the  foandalioiis  of  a 
hill  were  partially  undermined.  Such  underground  passages  are  anon 
the  most  curious  features  on  Etna,  and  appear  to  have  been  produeod  bj 
the  hardening  of  the  lava,  during  the  escape  of  great .  Tolnoies  of  sJsitir 
fluids,  which  are  often  discharged  for  many  days  in  soceasstoiit  after  the 
crisis  of  the  eruption  is  over.  Near  Nicolosi,  not  far  from  Monti  Bossi, 
one  of  these  great  openings  may  be  seen,  called  the  Fossa  dellaPalosabs, 
625  feet  in  circumference  at  its  mouth,  and  78  feet  deep.  After  rssdi- 
ing  the  bottom  of  this,  we  enter  another  dark  cavity,  and  then  othen 
in  succession,  sometimes  descending  precipices  by  means  of  ladders.  At 
length  the  vaults  terminate  in  a  great  gallery  ninety  feet  long,  and  Im 
fifteen  to  fifty  broad,  beyond  which  there  is  still  a  passage,  never  yet  ex- 
plored ;  so  that  the  extent  of  these  caverns  remains  unknown.*  The 
walls  and  roofs  of  these  great  vaults  are  composed  of  rough  and  brtsdiBg 
*  scoriae,  of  the  most  fantastic  forms. 

Eruption  of  1811. — I  shall  now  proceed  to  ofier.some  obscrvatioBs 
on  the  two  last  eruptions  in  1811  and  1819.t  It  appears,  from  the  rela- 
tion of  Signor  Gemmellaro,  who  witnessed  the  phenomena,  that  the  greet 
crater  in  1811  first  testified,  by  its  loud  detonations,  that  the  lava  hsd 
ascended  to  near  the  summit  of  the  mountain.  A  violent  shock  was  then 
felt,  and  a  stream  broke  out  from  the  side  of  the  cone,  at  no  great  distsaoe 
from  its  apex.  Siiortly  after  this  had  ceased  to  flow,  a  second  stresfli 
burst  forth  at  another  opening,  considerably  below  the  first ;  then  a  third 
still  lower,  and  so  on  till  seven  difi*erent  issues  had  been  thus  successifdy 
formed,  all  lying  upon  the  same  straight  line.  It  has  been  supposed  that 
this  line  was  a  perpendicular  rent  in  the  internal  framework  of  the  moan* 
tain,  which  rent  was  probably  not  produced  at  one  shock,  but  prolonged 
successively  downwards,  by  the  lateral  pressure  and  intense  heat  of  the 
internal  column  of  lava,  as  it  subsided  by  gradual  discharge  through  each 

vent4 

Eruption  of  1819. — In  1819  three  large  mouths  or  caverns  opened 
very  near  those  which  were  formed  in  the  eruptions  of  1811,  from  which 
flames,  red-hot  cinders,  and  sand,  were  thrown  up  with  loud  explosions. 
A  few  minutes  afterwards  another  mouth  opened  below,  from  which  flames 
and  smoke  issued;  and  finally  a  fifth,  lower  still,  whence  a  torrent  of 
lava  flowed,  which  spread  ilself  with  great  velocity  over  the  deep  and 

*  Ferrara,  Descriz.  dell'  Etna.    Palermo,  1818. 

t  Since  this  was  written  for  the  fint  edition  of  thii  work,  another  eruption  hu 
occurred.  In  1832  the  lava  flowed  down  on  the  west  side  of  Etna  to  within  two 
miles  of  Bronte. 

t  Scrope  on  Volcanos,  p.  153. 
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broad  valley  called  "Val  del  Bove."  This  stream  flowed  two  miles  in 
the  first  twenty-four  hours,  and  nearly  as  far  in  the  succeeding  day  and 
night.  The  three  original  mouths  at  length  united  into  one  large  crater, 
and  sent  forth  lava,  as  did  the  inferior  apertures,  so  that  an  enormous 
torrent  poured  down  the  *•  Val  del  Bove."  When  it  arrived  at  a  vast  and 
almost  perpendicular  precipice,  at  the  head  of  the  valley  of  Calanna,  it 
poured  over  in  a  cascade,  and^  being  hardened  in  its  descent,  made  an 
inconceivable  crash  as  it  was  dashed  against  the  bottom.  So  immense 
wa«  the  column  of  dust  raised  by  the  abrasion  of  the  tufaceous  hill  over 
which  the  hardened  mass  descended,  that  the  Catanians  were  in  great 
alarm,  supposing  a  new  eruption  to  have  burst  out  in  the  woody  region, 
exceeding  in  violence  that  near  the  summit  of  Etna. 

J^Jode  of  advance  of  the  lava, — Of  the  cones  thrown  up  during  this 
eruption,  not  more  than  two  are  of  sufficient  magnitude  to  be  numbered 
among  those  eighty  which  were  before  described  as  adorning  the  flanks 
of  Etna.  The  surface  of  the  lava  which  deluged  the  ^*  Val  del  Bove" 
consists  of  rocky  and  angular  blocks ^  tossed  together  in  the  utmost  dis- 
order. Nothing  can  be  more  rugged,  or  more  unlike  the  smooth  and 
even  superficies  which  those  who  are  unacquainted  with  volcanic  countries 
may  have  pictured  to  themselves,  in  a  mass  of  matter  which  had  consoli- 
dated from  a  liquid  state.  Mr.  Scrope  observed  this  current  in  the  year 
1819,  slowly  advancing  down  a  considerable  slope,  at  the  rate  of  about  a 
yard  an  hour,  nine  months  after  its  flrst  emission.  The  lower  stratum 
being  arrested  by  the  resistance  of  the  ground,  the  upper  or  central  part 
gradually  protruded  itself,  and  being  unsupported,  fell  down.  This  in  its 
torn  was  covered  by  a  mass  of  more  liquid  lava,  which  swelled  over  it 
from  above.  The  current  had  all  the  appearance  of  a  huge  heap  of  rough 
and  large  cinders  rolling  over  and  over  upon  itself  by  the  eflect  of  an 
extremely  slow  propulsion  from  behind.  The  contraction  of  the  crust  as 
it  solidified,  and  the  friction  of  the  scoriform  cakes  against  one  another, 
produced  a  crackling  sound.  Within  the  crevices  a  dull  red  heat  might 
be  seen  by  niglit,  and  vapour  issuing  in  considerable  quantity  was  visible 
by  day.* 

Flood  produced  by  the  melting  of  snow  by  lava. — The  erosive  and 
transporting  power  of  running  water  is  rarely  exerted  on  Etna  with  great 
force,  the  rain  which  falls  being  immediately  imbibed  by  the  porous  lavas ; 
80  that,  vast  as  is  the  extent  of  tlic  mountain,  it  feeds  only  a  few  small 
rivulets,  and  these,  even,  are  dry  throughout  the  greater  portion  of  the 
year.  The  enormous  rounded  boulders,  therefore,  of  trachyte  and  basalt, 
a  line  of  which  can  be  traced  from  the  sea,  from  near  Giardini,  by  Mas- 
eali,  and  Zafarana,  to  the  **  Val  del  Bove,"  would  ofler  a  perplexing 
problem  to  the  geologist,  if  history  had  not  preserved  the  memorials  of  a 

*  8crope  on  Volcano*,  p.  lOS. 
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tremandoos  flood  which  happened  in  this  dietnet  ill  the  ymr  1755.  It 
appears  that  two  streams  of  lava  flowed  in  that  jear,  on  the  8d  of  llaich» 
from  the  highest  crater :  they  were  immediately  precipitated  upon  n 
enormous  mass  of  snow  which  then  covered  the  whole  moiintaiii«  «1 
was  extremely  deep  near  the  summit.  The  midden  melting  of  this  fraeea 
masSy  hy  a  fiery  torrent  three  miles  in  iength«  produced  a  firigfatfid  imae 
dation*  which  devastated  the  sides  of  the  mountain  for  eigiit  milaa  ia 
lengthy  and  afterwards  covered  the  lower  flanks  of  Etna,  where  tbej  wen 
less  steep,  together  with  the  plains  near  the  eea,  with  greet  dqmjMf  «f 
sand,  scorite,  and  hlocks  of  lava. 

Many  absurd  stories  circulated  in  Sicily  respecting  this  e^entt  soeli  m 
that  the  water  was  boiling,  and  that  it  was  vomited  ^m  the  hi^oit 
erater;  that  it  was  as  salt  as  the  sea,  and  full  of  marine  ehelb;  hot 
these  were  mere  inventions,  to  which  Becupero,  although  he  rdatas 
them  as  tales  of  the  mountaineers,  seem  to  have  attached  rather  leo  meek 
importance. 

Floods  of  considerable  violence  have  also  been  produced  on  Etnabf 
the  fall  of  heavy  rains,  aided,  probably,  by  the  melting  of  snow.  By 
this  cause  alone,  in  1*761,  sixty  of  the  inhabitants  of  Adcatenmwem 
killed,  and  many  of  their  houses  swept  away.* 

CHaeier  covered  by  a  lava  iiream.'^A  remarkable  discovery  was  mads 
on  Etna  in  1828  of  a  great  mass  of  ice,  preserved  for  many  yeeis,  pe^ 
baps  for  centuries,  from  melting,  by  the  singular  accident  of  m  ooneatof 
red-hot  lava  having  flowed  over  it.  The  following  are  the  facts  in  attesta- 
tion of  a  phenomenon  which  must  at  first  sight  appear  of  so  paradoxieal 
a  character.  The  extraordinary  heat  experienced  in  the  south  of  Europe, 
during  the  summer  and  autumn  of  1828,  caused  the  supplies  of  snow  and 
ice  which  had  been  preserved  in  the  spring  of  that  year,  for  the  use  of 
Catania  and  the  adjoining  parts  of  Sicily  and  tlie  island  of  Malta,  to  £ul 
entirely.  Great  distress  was  consequently  felt  for  want  of  a  commodity 
regarded  in  those  countries  as  one  of  the  necessaries  of  life  rather  than  an 
article  of  luxury,  and  the  abundance  of  which  contributes  in  some  of  the 
larger  cities  to  the  salubrity  of  the  water  and  the  general  health  of  the 
community.  The  magistrates  of  Catania  applied  to  Signer  M.  Gemmel- 
laro,  in  the  hope  that  his  local  knowledge  of  Etna  might  enable  him  to 
point  out  some  crevice  or  natural  grotto  on  the  mountain,  where  drift 
snow  was  still  preserved.  Nor  were  they  disappointed ;  for  he  had  long 
suspected  that  a  small  mass  of  perennial  ice  at  the  foot  of  the  highest 
cone  was  part  of  a  large  and  continuous  glacier  covered  by  a  lava  current 
Having  procured  a  large  body  of  workmen,  he  quarried  into  this  ice,  and 
proved  the  superposition  of  the  lava  for  several  hundred  yards,  so  as 
completely  to  satisfy  himself  that  nothing  but  the  subsequent  flowing  of 

*  Ferrara,  Desciiz.  deU'  Etna,  p.  11& 
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he  lava  over  the  ice  could  account  for  the  position  of  the  glacier.  Un- 
ortunately  for  the  geologist,  the  ice  was  so  extremely  hard,  and  the 
excavation  so  expensive,  that  there  is  no  probability  of  the  operations 
»eing  renewed. 

On  the  first  of  December,  1828,  I  visited  this  spot,  which  is  on  the 
south-east  side  of  the  cone,  and  not  far  above  the  Casa  Inglese ;  but  the 
freshs  now  had  already  nearly  filled  up  the  new  opening,  so  that  it  had 
only  the  appearance  of  the  mouth  of  a  grotto.  I  do  not,  however,  ques- 
ticm  the  accuracy  of  the  conclusion  of  Signor  Gemmellaro,  who  being  well 
acquainted  with  all  the  ap^arances  of  drift  snow  in  the  fissures  and  cavi- 
ties of  Etna,  had  recognised,  even  before  the  late  excavations,  the  pecu- 
liarity of  the  position  of  the  ice  in  this  locality.  We  may  suppose  that 
St  the  commencement  of  the  eruption,  a  deep  mass  of  drift  snow  had  been 
covered  by  volcanic  sand  showered  down  upon  it  before  the  descent  of 
the  lava.  A  dense  stratum  of  this  fine  dust  mixed  with  scorie  is  well 
known  to  be  an  extremely  bad  conductor  of  heat ;  and  the  shepherds  in 
the  higher  regions  of  Etna  are  accustomed  to  provide  water  for  their  flocks 
daring  summer,  by  strewing  a  layer  of  volcanic  sand  a  few  inches  thick 
over  the  snow,  which  eflectually  prevents  the  heat  of  the  sun  from  pene- 
trating. 

Suppose  the  mass  of  snow  to  have  been  preserved  from  liquefaction 
nntil  the  lower  part  of  the  lava  had  consolidated,  we  may  then  readily  con- 
ceive that  a  glacier  thus  protected,  at  the  height  of  ten  thousand  feet  above 
the  level  of  the  sea,  would  endure  as  long  as  the  snows  of  Mont  Blanc, 
unless  melted  by  volcanic  heat  from  below.  When  I  visited  the  great 
erater  in  the  beginning  of  winter  (December  1st,  1828),  I  found  the  cre- 
vices in  the  interior  encrusted  with  thick  ice,  and  in  some  cases  hot  va- 
pours were  actually  streaming  out  between  masses  of  ice  and  the  rugged 
and  steep  walls  of  the  crater. 

After  the  discovery  of  Signor  Gemmellaro,  it  would  not  be  surprising 
to  find  in  the  cones  of  the  Icelandic  volcanos,  which  are  covered  for  the 
most  part  with  perpetual  snow,  repeated  allernations  of  lava  streams  and 
glaciers. 

Volcanic  entpliona  in  Iceland. — With  the  exception  of  Etna  and  Vesu- 
vius, the  most  complete  chronological  records  of  a  series  of  eruptions  are 
those  of  Iceland  ;  for  their  history  reaches  as  far  back  as  the  ninth  cen- 
tury of  our  era ;  and,  from  the  beginning  of  the  twelth  century,  there  is 
clear  evidence  that  during  the  whole  period,  there  has  never  been  an  in- 
terval of  more  than  forty,  and  very  rarely  one  of  twenty  years,  without 
either  an  eruption  or  a  great  earthquake.  So  intense  is  the  energy  of  the 
volcanic  action  in  this  region,  that  some  eruptions  of  Hecla  have  lasted 
six  years  without  ceasing.  Earthquakes  have  often  skaken  the  whole 
island  at  once,  causing  great  changes  in  the  interior,  such  as  the  sinking 
down  of  hiUs,  the  rending  of  mountains,  the  desertion  by  rivers  of  their 
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ehannelt,  and  the  appearance  of  new  lakea.*  New  islands  have  often  beea 
thrown  up  near  the  coast,  some  of  which  still  exist,  while  othen  haie  dii^ 
appeared,  either  by  subsidences  or  the  action  of  the  waves* 

In  the  interval  between  eruptions,  innumerable  hot  sprinfs  aflbid  veM 
to  subterranean  heat,  and  solfataras  discharge  copious  streams  of  inflsB- 
mable  matter.  The  voleanos  in  different  parts  of  this  island  are  observsd, 
like  those  of  tlie  Phlegraean  Fields,  to  be  in  activity  by  tome,  one-vssl 
oAen  serving  for  a  time  as  a  safety-valve  to  the  rest.  Many  coniiiiidw 
often  thrown  up  in  one  eruption,  and  in  this  case  they  take  a  linear  Alt^ 
tion,  running  generally  from  north-east  to  south-west,  from  the  north* 
eastern  part  of  the  island,  where  the  volcano  Krabla  lies,  to  the  prooMmtoiy 
Reykianas. 

New  iiland  thrown  199  in  1788. — ^The  convulsions  of  the  year  1781 
appear  to  have  been  more  tremendous  than  any  recorded  in  the  Doden 
annals  of  Iceland  ;  and  tlie  original  Danish  narrative  of  the  catastrophe, 
drawn  up  in  great  detail,  has  since  been  substantiated  by  several  English 
travellers,  particularly  in  regard  to  the  prodigious  extent  of  eountry  Isid 
waste,  and  tlie  volume  of  lava  produced.!  About  a  month  previous  to 
the  eruption  on  the  main  land,  a  submarine  volcano  burst  forth  in  the  ssa 
in  lat.  63^  25'  N.,  long.  23""  44'  W.  at  a  distance  of  thirty  milee  in  asoath- 
west  direction  from  Cape  Reykianas,  and  ejected  so  much  pumi€e»  that 
the  ocean  was  covered  with  that  substance  to  the  distance  of  150  miks, 
and  ships  were  considerably  impeded  in  their  course.  A  new  island  was 
thrown  up,  consisting  of  high  clilTs,  within  which  fire,  smoke,  and  pumies 
were  emitted  from  two  or  three  diflerent  points.  This  island  was  claimed 
by  his  Danish  Majesty,  who  denominated  it  Nyoe,  or  the  New  Island; 
but  before  a  year  had  elapsed,  the  sea  resumed  its  ancient  domain,  and 
nothing  was  left  but  a  reef  of  rocks  from  five  to  thirty  fathoms  under 
water. 

Great  eruption  of  Skaptar  Jokul. — Earthquakes,  which  had  long  been 
felt  in  Iceland,  became  violent  on  the  11th  of  June,  when  Sk4ptar  Jokol, 
distant  nearly  200  miles  from  Nyoe,  threw  out  a  torrent  of  lava  which 
flowed  down  into  the  river  Skaptd,  and  completely  dried  it  up.  The 
channel  of  the  river  was  between  high  rocks,  in  many  places  from  400 
to  600  feet  in  depth,  and  near  200  in  breadth.     Not  only  did  the  lava  fill 


•  Von  Hoff,  vol.  ii.  p.  393. 

f  The  first  narrative  of  the  eruption  was  drawn  up  by  Stephensen,  then  Chief 
Justice  in  Iceland,  appointed  Commissioner  by  the  King  of  Denmark,  for  estimatinf 
the  damage  done  to  the  country, that  relief  migrht  be  afforded  to  the  sufferers.  Hen- 
derson was  enabled  to  correct  some  of  the  measurements  given  by  Stevensen,  of  tht 
depth,  width,  and  length  of  the  lava  currents,  by  reference  to  the  MS.  of  Mr.  Paul- 
son, who  visited  the  tract  in  1794,  and  examined  the  lava  with  attention.  (Journal  of 
a  Residence  in  Iceland,  dtc.  p.  229.)  Some  of  the  principal  facts  are  also  corrobo- 
rated by  Dr.  Hooker,  in  his  "  Tour  in  Iceland,*'  vol.  ii.  p.  198. 
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up  this  great  defile  to  the  brink,  but  it  overflowed  the  adjacent  fields  to  a 
considerable  extent.     The  burning  flood,  on  issuing  from  the  confined 
rocky  gorge,  was  then  arrested  for  some  time  by  a  deep  lake,  which  for- 
merly existed  in  the  course  of  the  river,  between  Skaptardal  and  Aa, 
Tvhich  it  entirely  filled.     The  current  then  advanced  again,  and  reaching 
some  ancient  lava  full  of  subterraneous  caverns,  penetrated  and  melted 
down  part  of  it;  and  in  some  places,  where  the  stream  could  not  gain  vent, 
it  blew  up  the  rock,  throwing  fragments  to  the  height  of  more  than  150 
feet.     On  the  18th  of  June,  anotticr  ejection  of  liquid  lava  rushed  from 
the  volcano,  which  flowed  down  with  amazing  velocity  over  the  surface 
of  the  first  stream.     By  the  damming  up  of  the  mouths  of  some  of  the 
tributaries  of  the  Skapt^,  many  villages  were  completely  overflowed  with 
water,  and  thus  great  destruction  of  property  was  caused.     The  lava, 
after  flowing  for  several  days,  was  precipitated  down  a  tremendous  cata- 
ract called  Stapafoss,  where  it  filled  a  profound  abyss,  which  that  great 
waterfall  had  been  hollowing  out  for  ages,  and,  after  this,  the  fiery  current 
again  continued  its  course. 

On  the  3d  of  August,  fresh  floods  of  lava  still  pouring  from  the  volcano, 
a  new  branch  was  sent  of  in  a  diflferent  direction  ;  for  the  channel  of  the 
SkaptA  was  now  so  entirely  choked  up,  and  every  opening  to  the  west 
and  north  so  obstructed,  that  the  melted  matter  was  forced  to  take  a  new 
course,  so  that  it  ran  in  a  south-east  direction,  and  discharged  itself  into 
the  bed  of  the  river  Hverfisfliot,  where  a  scene  of  destruction  scarcely 
inferior  to  tlie  former  was  occasioned.  These  Icelandic  lavas  (like  the 
ancient  streams  which  are  met  with  in  Auvergne,  and  other  provinces  of 
Central  France)  are  stated  by  Stephensen  to  have  accumulated  to  a  prodi- 
gious depth  in  narrow  rocky  gorges  ;  but  when  they  came  to  wide  alluvial 
plains,  they  spread  themselves  out  into  broad  burning  lakes,  ;)ometime8 
from  twelve  to  fifteen  miles  wide,  and  one  hundred  feet  deep.  When  the 
**  fiery  lake"  which  filled  up  the  lower  portion  of  the  valley  of  the 
Skapt4  had  been  augmented  by  new  supplies,  the  lava  flowed  up  the 
course  of  the  river  to  the  foot  of  the  hills  from  whence  the  SkaptA  takes 
its  rise.  This  aflbrds  a  parallel  case  to  one  which  can  be  shown  to  have 
happened  at  a  remote  era  in  the  volcanic  region  of  the  Vivarais  in  France, 
where  lava  issued  from  the  cone  of  Thueyts,  and  while  one  branch  ran 
down,  another  more  powerful  stream  flowed  up  the  channel  of  the  river 
Arddche. 

The  sides  of  the  valley  of  the  SkaptA  present  superb  ranges  of  basaltic 
columns  of  older  lavas,  resembling  those  which  are  laid  open  in  the 
▼alleys  descending  from  Mont  Dor  in  Auvergne,  where  more  modern  lava 
currents,  on  a  scale  very  inferior  in  magnitude  to  those  of  Iceland,  have 
also  usurped  the  beds  of  the  existing  rivers.  The  eruption  of  Skapt4r 
Jokul  did  not  entirely  cease  till  the  end  of  two  years ;  and  when  Mr. 
Paulson   visited  the  tract  eleven  years  afterwards,  in  1794,  he  found 
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eotomiii  of  smoke  still  rising  from  puis  of  the  hivm,  tad  wmmi  rtm 
filled  with  hot  water.* 

Although  the  population  of  leeland  was  rtry  much  iesfteradt  and  ii 
not  exceed  50,000,  no  less  than  twenty  Tillages  were  destioyed,  besUn 
those  inundated  by  water;  and  more  than  9000  human  benifB  psriiiii, 
together  with  an  immense  number  of  cattle,  pardy  by  the  depwdstiensrf 
the  lava,  partly  by  the  noxious  rapours  which  impregnated  the  dr« 
in  part,  by  the  famine  caused  by  showers  of  ashes  thronghont  die 
and  the  desertion  of  the  coasts  by  the  fish. 

Immmtt  vohtme  of  the  lava. — ^But  the  extraordinary  ffAmnm  of  fc 
melted  matter  produced  in  this  eruption  deserves  the  partienkr  sttsHiaB 
of  the  geologist.  Of  the  two  branches,  which  flowed  in  neariy  opporite 
directions,  the  greatest  was  fifty,  and  the  lesser  finriy  miles  in  length. 
The  extreme  breadth  which  the  SkaptA  branch  attained  in  the  low  eomh 
tries  was  from  twelve  to  fifteen  miles,  that  of  the  other  about  seven.  Tte 
ordinary  height  of  both  currents  was  100  feet,  but  in  narrow  deSlss  it 
sometimes  amounted  to  600.  A  more  correct  idea  will  be  formed  of  lbs 
dimensions  of  the  two  streams,  if  we  consider  how  striking  a  featorsthsj 
would  now  form  in  the  geology  of  England,  had  they  been  poured  ontsn 
the  bottom  of  the  sea  afUsr  the  deposition,  and  before  the  elevation  of  ev 
secondary  and  tertiary  rocks.  The  same  causes  which  have  exeavalsd 
valleys  through  parts  of  our  marine  strata,  once  continuous,  might  ban 
acted  with  equal  force  on  the  igneous  rocks,  leaving,  at  the  same  timet  a 
sufficient  portion  undestroyed  to  enable  us  to  discover  their  former  extsnt 
Let  us,  then,  imagine,  the  termination  of  the  SkaptA  branch  of  lava  to 
rest  on  the  escarpment  of  the  inferior  and  middle  oolite,  where  it  eom- 
mands  the  vale  of  Gloucester.  The  great  platform  might  be  100  feet 
thick,  and'^from  ten  to  fifteen  miles  broad,  exceeding  any  which  eanbs 
found  in  Central  France.  We  may  also  suppose  great  tabular  masses  to 
occur  at  intervals,  capping  the  summit  of  the  Cotswold  Hills  between 
Gloucester  and  Oxford,  by  Northleach,  Burford,  and  other  towns.  Hie 
wide  valley  of  the  Oxford  clay  would  then  occasion  an  interruption  (or 
many  miles  ;  but  the  same  rocks  might  recur  on  the  summit  of  Cunuor 
and  Shotover  Hills,  and  all  the  other  oolitic  eminences  of  that  dtatrict.  On 
the  chalk  of  Berkshire,  extensive  plateaus,  six  or  seven  miles  wide, 
would  again  be  formed ;  and,  lastly,  crowning  the  highest  sands  of  High- 
gate  and  Hampstead,  we  might  behold  some  remnants  of  the  current  000 
or  600  feet  in  thickness,  causing  those  hills  to  rival,  or  even  to  surpass, 
in  height,  Salisbury  Craigs  and  Arthur's  Seat. 

The  distance  between  the  extreme  points  here  indicated  would  not  ex* 
ceed  ninety  miles  in  a  direct  line ;  and  we  might  then  add,  at  the  distanes 
of  nearly  two  hundred  miles  from  London^  along  the  coast  of  Dorsetshiie 

*  Hendenon's  Joomal,  Ac,  p.  22S, 
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and  Devonshire  for  example,  a  great  mass  of  igjKieous  rocksi  to  represent 
those  of  contemporary  origin,  which  were  produced  beneath  the  level  of 
the  sea,  where  the  island  of  Nyoe  rose  up. 

Volume  of  ancient  and  modem  flows  of  lava  compared, — Yet,  gigan- 
tic as  must  appear  the  scale  of  these  modern  volcanic  operations,  we  musjt 
be  content  to  regard  them  as  perfectly  insignificant  in  comparison  to  cur- 
rents of  primeval  ages,  if  we  embrace  the  theoretical  views  of  some  geolo- 
gists of  great  celebrity.  Thus,  we  are  informed  by  Professor  Brongniart, 
in  his  last  work,  that  **  aux  ^poques  g^ognostiques  anciennes,  tons  les 
ph^nom^nes  g^ologiques  se  passoient  dans  des  dimensions  centuples  de 
celles  qu*ils  pr^sentent  aujourd'hui.*  Had  Skaptir  Jokul,  therefore,  been 
a  volcano  of  the  olden  time,  it  would  have  poured  forih  lavas,  at  a  single 
eruption,  a  hundred  times  more  voluminous  than  those  which  were  wit- 
nessed by  the  present  generatiou  in  1783.  But  this  can  never  have  been 
intended  by  M.  Brongniart ;  for  were  we  to  multiply  the  two  currents  be- 
fore described  by  a  hundred,  and  first  assume  that  their  height  and  breadth 
remain  the  same,  they  would  stretch  out  to  the  length  of  9000  miles,  or 
about  half  as  far  again  as  from  the  pole  to  the  equator.  If,  on  the  other 
hand,  we  suppose  their  length  and  breadth  to  remain  the  same,  and  mul- 
tiply their  height  in  an  equal  proportion,  the  mean  elevation  of  the  vol- 
canic mass  becomes  ten  thousand  feet,  and  its  greatest  more  than  double 
that  of  the  Himalaya  mountains.  It  will  immediately  be  granted  that, 
among  the  older  formations,  no  igneous  rock  of  such  colossal  magnitude 
has  yet  been  met  with ;  nay,  it  would  be  most  difficult  to  point  out  a  mass 
of  ancient  date  distinctly  referable  to  a  single  eruption,  which  should  even 
rival  in  volume  the  matter  poured  out  from  Skapi4r  Jokul  in  1783. 

Eruption  of  Jorullo  in  1759. — As  another  example  of  the  stupendous 
scale  of  modem  volcanic  eruptions,  I  may  mention  that  of  Jorullo  in 
Mexico,  in  1759.  The  great  region  to  which  this  mountain  belongs  has 
already  been  described.  The  plain  of  Malpais  forms  part  of  an  elevated 
platform,  between  2000  and  3000  feet  above  the  level  of  the  sea,  and  is 
bounded  by  hills  composed  of  basalt,  trachyte,  and  volcanic  tuff,  clearly 
indicating  that  the  country  had  previously,  though  probably  at  a  remote 
period,  been  the  theatre  of  igneous  action.  From  the  era  of  the  discov- 
ery of  the  New  World  to  the  middle  of  Uie  last  century,  the  district  had 
remained  undisturbed,  and  the  space,  now  the  site  of  the  volcano,  which 
is  thirty-six  leagues  distant  from  the  nearest  sea,  was  occupied  by  fertile 
fields  of  sugar-cane  and  indigo,  and  watered  by  the  two  brooks  Cuitimba 
and  San  Pedro.  In  the  mouth  of  June,  1759,  hollow  sounds  of  an  alarm- 
ing nature  were  heard,  and  earthquakes  lAcceeded  each  other  for  two 
months,  until,  in  September,  fianoes  issued  from  the  ground,  and  frag- 
ments of  burning  rocks  were  thrown  to  prodigious  heights.     Six  volcanic 

*  Tableau  des  Terrains  qui  composent  TEcorce  du  Globe ,  p.  52.     Paris,  1829. 
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cones,  composed  of  scorisB  and  fragmentary  lava,  were  formed  on  tbeline 
of  a  chasm  which  ran  in  the  direction  from  N.  N.  E.  to  d.  S.  W.  The  letst 
of  these  cones  was  300  feet  in  height;  and  Jonillo,  the  central  volcano, 
was  elevated  1600  feet  above  the  level  of  the  plain.  It  sent  forth  greit 
streams  of  basaltic  lava,  containing  included  fragments  of  granitic  rocki, 
and  its  ejections  did  not  cease  till  the  month  of  February,  1760. 

Humboldt  visited  the  country  more  than  forty  years  after  this  ocon^ 
rence,  and  was  informed  by  the  Indians,  that  when  they  returned,  loog 
after  the  catastrophe,  to  the  plain,  they  found  the  ground  uninhabitable 
from  the  excessive  heat.  When  he  himself  visited  the  place,  there  ip- 
pearcd,  around  the  base  of  the  cones,  and  spreading  from  them,  as  from  a 
centre,  over  an  extent  of  four  square  miles,  a  mass  of  matter  of  a  convex 
form,  about  550  feet  high  at  its  junction  with  the  cones,  and  gradually 
sloping  from  tliem  in  all  directions  towards  the  plain.     This  mass  wai 

Fig.  26. 


a,  Summit  of  JoruUo;  by  Cy  inclined  plane  sloping  at  an  angle  of  6^  from  the 

base  of  the  cones. 

Still  in  a  heated  state,  the  temperature  in  the  fissures  being  on  the  decrease 
from  year  to  year,  but  in  1780  it  was  still  sufficient  to  light  a  cigar  at  the 
depth  of  a  few  inches.  On  this  slightly  convex  protuberance,  the  slope 
of  which  must  form  an  angle  of  about  6°  with  the  horizon,  were  thou- 
sands of  flattish  conical  mounds,  from  six  to  nine  feet  high,  which,  as  well 
as  large  fissures  traversing  the  plain,  acted  as  fumeroles,  giving  out  clouds 
of  sulphuric  acid  and  hot  aqueous  vapour.  The  two  small  rivers  before 
mentioned  disappeared  during  the  eruption,  losing  themselves  below  the 
eastern  extremity  of  the  plain,  and  reappearing  as  hot  springs  at  its  west- 
ern limit. 

Cause  of  (he  convexity  of  the  plain  of  Malpais. — Humboldt  attributed 
the  convexity  of  the  plain  to  inflation  from  below  ;  supposing  the  ground, 
for  four  square  miles  in  extent,  to  have  risen  up  in  the  shape  of  a  bladder 
to  the  elevation  of  550  feet  above  the  plain  in  the  highest  part.  But  this 
theory  is  by  no  means  borne  out  by  the  facts  described ;  and  it  is  the 
more  necessary  to  scrutinize  closely  the  proofs  relied  on,  because  the 
opinion  of  Huniboldt  appears  to  have  been  received  as  if  founded  on  direct 
observation,  and  has  been  made  the  groundwork  of  other  bold  and  extra- 
ordinary theories.  Mr.  Scrope  has  suggested  that  the  phenomena  may 
be  accounted  for  far  more  naturally,  by  supposing  that  lava  flowing  simul- 
taneously from  the  difl^erent  orifices,  and  principally  from  Jorullo,  united 
into  a  sort  of  pool  or  lake.  As  they  were  poured  forth  on  a  surface  pre- 
viously flat,  they  would,  if  their  liquidity  was  not  very  great,  remain 
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thickest  and  deepest  near  their  source,  and  diminish  in  bulk  from  thence 
towards  the  limits  of  the  space  which  they  covered.  Fresh  supplies  were 
probably  emitted  successively  during  the  course  of  an  eruption  which 
lasted  a  year ;  and  some  of  these,  resting  on  those  first  emitted,  might 
only  spread  to  a  small  distance  from  the  foot  of  the  cone,  where  they 
would  necessarily  accumulate  to  a  great  height. 

The  showers,  also,  of  loose  and  pulverulent  matter  from  the  six  cra- 
terSf  and  principally  from  Jorullo,  wpuld  be  composed  of  heavier  and 
more  bulky  particles  near  the  cones,  and  would  raise  the  ground  at  their 
base,  where,  mixing  with  rain,  they  might  have  given  rise  to  the  stratum 
of  black  clay  which  is  described  as  covering  the  lava.  The  small  conical 
mounds  (called  '*  hornitos,"  or  little  ovens)  may  resemble  those  five  or 
six  small  hillocks  which  existed  in  1823  on  the  Vesuvian  lava,  and  sent 
forth  columns  of  vapour,  having  been  produced  by  the  disengagement  of 
elastic  fluids  heaving  up  small  dome-shaped  masses  of  lava.  The  fissures 
mentioned  by  Humboldt  as  of  frequent  occurrence,  are  such  as  might 
naturally  accompany  the  consolidation  of  a  thick  bed  of  lava,  contracting 
as  it  congeals ;  and  the  disappearance  of  rivers  is  tlie  usual  result  of  the 
occupation  of  the  lower  part  of  a  valley  or  plain  by  lava,  of  which  there 
are  many  beautiful  examples  in  the  old  lava-currents  of  Auvergne.  The 
heat  of  the  **  hornitos"  is  stated  to  have  diminis];ied  from  the  first ;  and 
Mr.  Bullock,  who  visted  the  spot  many  years  after  Humboldt,  found  the 
temperature  of  the  hot  spring  very  low, — a  fact  which  seems  clearly  to 
Indicate  the  gradual  congelation  of  a  subjacent  bed  of  lava,  which  from  its 
immense  thickness  may  have  been  enabled  to  retain  its  heat  for  half  a 
centuiy.  The  reader  may  be  reminded,  that  when  we  thus  suppose  the 
lava  near  the  volcano  to  have  been,  together  with  the  ejected  ashes,  more 
than  500  feet  in  depth,  we  merely  assign  a  thickness  which  the  current 
of  8kapt4r  Jokul  attained  in  some  places  in  1783. 

HoUow  sound  of  the  plain  when  struck. — Another  argument  adduced 
in  support  of  the  theory  of  inflation  from  below,  was,  the  hollow  sound 
made  by  the  steps  of  a  horse  upon  the  plain ;  which,  however,  proves 
nothing  more  than  that  the  materials  of  which  the  convex  mass  is  composed 
are  light  and  porous.  The  sound  called  '*  rimbombo"  by  the  Italians  is 
▼ery  commonly  returned  by  made  ground  when  struck  sharply ;  and  has 
been  observed  not  only  on  the  sides  of  Vesuvius  and  other  volcanic  cones 
where  there  is  a  cavity  below,  but  in  plains  such  as  the  Campagna  di 
Roma,  composed  in  a  great  measure  of  tufi*  and  porous  volcanic  rocks. 
The  reverberation,  however,  may  perhaps  be  assisted  by  grottos  and 
caverns,  for  these  may  be  as  numerous  in  the  lavas  of  Jorullo  as  in  many 
of  those  of  Etna :  but  their  existence  would  lend  no  countenance  to  the  hv- 
pothesis  of  a  great  arched  cavity,  four  square  miles  in  extent,  and  in  the 
centre  560  feet  high.* 

*  See  Serope  on  Voleanoe,  p.  967. 
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No  recent  entpiions  of  JonUlo.^-in  a  former  edition  I  stated  that  I  hid 
been  informed  by  Captain  Vetch,  that  in  1819  a  tower  at  Guadalaxin 
was  thrown  down  by  an  earthqcake,  and  that  ashes,  supposed  to  have 
come  from  Jorullo,  fell  at  the  same  time  at  Guanaxuato,  a  town  situated 
140  English  miles  from  the  volcano.  There  appears,  however,  to  bate 
been  a  mistake  in  the  statement;  for  Mr.  Burkart,  a  German  director  of 
mines,  who  examined  Jorullo  in  1827,  ascertained  that  there  had  been  no 
eruption  ihere  since  Humboldt's  visit  in  1803.  He  went  to  the  bothMi 
of  the  crater,  and  observed  a  slight  evolution  of  sulphurous  acid  vaponn, 
but  the  **  hornitos"  had  entirely  ceased  to  send  forth  steam.  During  the 
twenty-four  years  intervening  between  his  visit  and  that  of  Humboldt, 
vegetation  had  made  great  progress  on  the  flanks  of  the  new  htlls,  the 
rich  soil  of  the  surrounding  country  was  once  more  covered  with  luxu- 
riant crops  of  sugar-cane  and  indigo,  and  there  was  an  abundant  growth 
of  natural  underwood  on  all  the  uncultivated  tracts.* 
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Volcanic  archipelagos — The  Canaries — Eruptions  in  Teneriffe — Cones  throws  op  in 
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Volcanic  archipelagos. — In  our  chronological  sketch  of  the  changes 
which  have  happened  within  the  traditionary  and  historical  period  in  the 
volcanic  district  round  Naples,  we  described  the  renewal  of  the  fires  of  a 
central  and  habitual  crater,  and  the  almost  entire  cessation  of  a  series  of 
irregular  eruptions  from  minor  and  independent  vents.  Some  volcanic 
archipelagos  offer  interesting  examples  of  the  converse  of  this  phenome- 
non ;  the  great  habitual  Vent  having  become  almost  sealed  up,  and  erup- 
tions of  great  violence  now  proceeding,  cither  from  different  points  in  the 
bed  of  the  ocean,  or  from  adjoining  islands,  where,  as  formerly  in  Ischit, 

*  Leon  hard  and  fironn's  Neues  Jahrbuch,  1835,  p.  36. 
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new  cones  and  craters  are  formed  from  time  to  time.     Of  this  state  of 
things  the  Canary  Islands  now  afibrd  an  example. 

Peak  of  Teneriffe. — ^The  highest  crater  of  the  Peak  of  Teneriffe  has 
been  in  the  state  of  a  solfatara  ever  since  it  has  been  known  to  Europeans ; 
bat  several  eruptions  have  taken  place  from  the  sides  of  the  mountain ; 
one  in  the  year  1430,  which  formed  a  small  hill,  and  another  in  1704  and 
the  two  following  years,  accompanied  with  great  earthquakes,  when  the 
hva  overflowed  a  town  and  harbour.  Another  eruption  happened  in 
lane,  1798,  not  far  from  the  summit  of  the  peak.  But  these  lateral  emis- 
sions of  lava,  at  distant  intervals,  may  be  considered  as  of  a  subordinate 
kind,  and  subsidiary  to  the  great  discharge  which  has  taken  place  in  the 
contiguous  isles  of  Palma  and  Lancerote ;  and  the  occasional  activity  of 
the  peak  may  be  compared  to  the  irregular  eruptions  before  mentioned,  of 
the  Solfatara,  of  Arso  in  Ischia,  and  of  Monte  Nuovo,  which  have  broken 
oat  since  the  renewal  of  the  Vesuvian  fires  in  79. 

Ervtption  ifi  Lancerote^  1730  to  1736.- — The  effects  of  one  of  these 
insular  eruptions  in  the  Canaries,  which  happened  in  Lancerote,  between 
the  years  1730  and  1736,  were  very  remarkable ;  and  a  detailed  descrip- 
tion has  been  published  by  Von  Buch,  who  had  an  opportunity,  when  he 
visited  that  island  in  1815,  of  comparing  the  accounts  transmitted  to  us 
of  the  event,  with  the  present  state  and  geological  appearances  of  the 
country.*  On  the  first  of  September,  1730,  the  earth  split  open  on  a 
sudden  two  leagues  from  Yaira.  In  one  night  a  considerable  hill  of 
ejected  matter  was  thrown  up ;  and  a  few  days  later,  another  vent 
opened,  and  gave  out  a  lava-stream,  which  overran  Chinanfaya  and  other 
vilhifes.  It  flowed  first  rapidly,  like  water,  but  became  afterwards  heavy 
and  slow,  like  honey.  On  the  7th  of  September  an  immense  rock  was 
protruded  from  the  bottom  of  the  lava,  with  a  noise  like  thunder,  and  the 
•tremm  was  forced  to  change  its  course  from  N.  to  N.  W.,  so  that  St. 
Cstalina  and  other  villages  were  overflowed. 

Whether  this  mass  was  protruded  by  an  earthquake,  or  was  a  mass  of 
ancient  lava,  blown  up  like  that  before  mentioned  in  1783  in  Iceland,  is 
not  explained. 

On  the  11th  of  September  more  lava  flowed  out,  and  covered  the  vil- 
lage of  Maso  entirely,  and,  for  the  space  of  eight  days,  precipitated  itself 
^  with  a  horrible  roar  into  the  sea.  Dead  fish  floated  on  the  waters  in 
indescribable  multitudes,  or  were  thrown  dying  on  the  shore.  After  a 
brief  interval  of  repose,  three  new  openings  broke  forth  immediately  from 
the  site  of  the  consumed  St.  Catalina,  and  sent  out  an  enormous  quantity 
of  lapilli,  sand,  and  ashes.    On  the  28th  of  October,  the  cattle  throughout 


*  This  account  was  principally  derived  by  Von  Buch  from  the  MS.  of  Don  Andrea 
Lorenzo  Curbeto,  Curate  of  Yaira,  the  point  where  the  eruption  began  — Uebeeinen 
vulcanitcben  Ausbruch  auf  der  Insel  Lanzerote. 
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the  whole  country  dropped  lifeless  to  the  grouad,  suffocated  bj  pntrid 
vapours,  which  condensed  and  fell  down  in  drops.  On  the  Ist  of  De- 
cember a  lava  stream  reached  the  sea,  and  formed  an  island,  round  whieh 
dead  fish  were  strewed. 

Number  of  cones  thrown  up. — It  is  unnecessary  here  to  give  the  detaik 
of  the  overwhelming  of  other  places  by  fiery  torrents,  or  of  a  storm  whick 
was  equally  new  and  terrifying  to  the  inhabitants,  as  they  had  nefii 
known  one  in  their  country  before.  On  the  10th  of  January,  173I| 
high  hill  was  thrown  up,  which,  on  the  same  day,  precipitated  itself  back 
again  into  its  own  crater;  fiery  brooks  of  lava  flowed  from  it  to  the  set. 
On  the  3d  of  February  a  new  cone  arose.  Others  were  thrown  up  io 
March,  and  poured  forth  lava-streams.  Numerous  other  volcanic  conei 
were  subsequently  formed  in  succession,  till  at  last  their  number  amouated 
to  about  thirty.  In  June,  1731,  during  a  renewal  of  the  eruptions,  all 
the  banks  and  shores  in  the  western  part  of  the  island  were  covered  with 
dying  fish,  of  different  species,  some  of  which  had  never  before  been 
seen.  Smoke'  and  flame  arose  from  tlie  sea,  with  loud  detonations. 
These  dreadful  commotions  lasted  without  interruption  forgive  aucceesioe 
years,  so  that  a  great  emigration  of  the  inhabitants  became  necessary. 

Their  linear  direction. — As  to  the  height  of  the  new  cones.  Yon  Bach 
was  assured  that  the  formerly  great  and  flourishing  St.  Catalina  lay  buried 
under  hills  400  feet  in  height;  and  he  observes  that  the  most  elevated 
cone  of  the  series  rose  600  feet  above  its  base,  and  1378  feet  above  the 
sea,  and  that  several  others  were  nearly  as  high.  The  new  vents  were  all 
arranged  in  one  line,  about  two  geographical  miles  long,  and  in  a  direc- 
tion nearly  east  and  west.  If  we  admit  the  probability  of  Von  Buch*8 
conjecture,  that  these  vents  opened  along  the  line  of  a  cleft,  it  seems 
necessary  to  suppose  that  this  subterranean  fissure  was  only  prolonged 
upwards  to  the  surface  by  degrees,  and  that  the  rent  was  narrow  at  first, 
as  is  usually  the  case  with  fissures  caused  by  earthquakes.  Lava  an^ 
elastic  fluids  might  escape  from  some  point  on  the  rent  where  there  was 
least  resistance,  till,  the  first  aperture  becoming  obstructed  by  ejections 
and  the  consolidation  of  lava,  other  orifices  burst  open  in  succession,  along 
the  line  of  the  original  fissure.  Von  Buch  found  that  each  crater  was 
lowest  on  that  side  on  which  lava  had  issued;  but  some  craters  were  not 
breached,  and  were  without  any  lava-streams.  In  one  of  these  were  open 
fissures,  out  of  which  hot  vapours  rose,  which  in  1815  raised  the  ther^ 
momeler  to  145°  Fahrenheit,  and  was  probably  at  the  boiling  point  lower 
down.  Tiie  exhalations  seemed  to  consist  of  aqueous  vapour;  yet  they 
could  not  be  pure  steam,  for  the  crevices  were  encrusted  on  cither  side 
by  siliceous  sinter  (an  opal-like  hydrate  of  silica  of  a  white^colour),  which 
extended  almost  to  the  middle.  This  important  fact  attests  the  length  of 
time  during  which  chemical  processes  continue  after  eruptions,  and  how 
open  fissures  may  be  filled  up  laterally  by  mineral  matter,  sublimed  from 
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▼olcanio  exiialttions.  The  lavas  of  this  eraption  covered  nearly  a  third 
of  the  whole  island,  often  forming  on  slightly  inclined  planes  great  hori- 
xontal  sheets  several  square  leagues  in  area,  resembling  very  much  the 
basaltic  plateaus  of  Auvergne. 

Pretended  dUiinction  between  ancient  and  modern  lavae. — One  of  the 
mem  lavas  was  observed  to  contain  masses  of  olivine  of  an  (dive-green 
0oloar,  resembling  those  which  occur  in  one  of  the  lavas  of  the  Vivarais. 
Von  Bnch  supposes  the  great  crystal  of  olivine  to  have  been  derived  from 
a  previously  existing  basalt  melted  up  by  the  new  volcanos ;  but  he  gives 
DO  sufficient  data  to  bear  out  such  a  conjecture.     The  older  rocks  of  the 
island  consist,  in  a  great  measure,  of  that  kind  of  basaltic  lava  called 
dolerite,  sometimes  columnar,  and  partly  of  common  basalt  and  amygda- 
loid.    Some  recent  lavas  assumed,  on  entering  the  sea,^  prismatic  form, 
and  80  much  resembled  the  older  lavas  of  the  Canaries,  that  the  only  geo- 
logical distinction  which  Von  Buch  appears  to  have  been  able  to  draw  . 
between  them  was,  that  they  did  not  alternate  with  conglomerates,  like 
the  ancient  basalts.    Some  modern  writers  have  endeavoured  to  discover, 
in  the  abundance  of  these  conglomerates,  a  proof  of  the  dissimilarity  of 
the  volcanic  action  in  ancient  and  modem  times  ;   but  this  character  is 
more  probably  attributable  to  the  difference  between  submarine  opera- 
tions and  tljose  on  the  land.     All  the  blocks  and  imperfectly  rounded 
fragments  of  lava,  transported,  during  the  intervals  of  eruption,  by  rivers 
and  torrents,  into  the  adjoining  sea,  or  torn  by  the  continued  action  of 
the  waves  from  cliffs  which  are  undermined,  must  accumulate  in  stratified 
breccias  and  conglomerates,  and  be  covered  again  and  again  by  other 
lavas.     This  is  )^ow  taking  place  on  the  shores  of  Sicily,  between  Cata- 
nia and  Trezza,  where  the  sea  breaks  down  and  covers  the  shore  with 
blocks  and  pebbles  of  the  modern  lavas  of  Etna ;    and  on  parts  of  the 
coast  of  Ischia,  where  numerous  currents  of  trachyte  are  in  like  manner 
undermined  in  lofty  precipices.    So  often  then  as  an  island  is  raised  in  a 
volcanic  archipelago  by  earthquakes  from  the  deep,  the  fundamental  and 
^relatively  to  all  above)  the  oldest  lavas  will  o(\en  be  distinguishable  from 
those  formed  by  subsequent  eruptions  on  dry  land,  by  their  alternation 
with  beds  of  sandstone  and  fragmentary  rocks. 

The  supposed  want  of  identity  then  between  the  volcanic  phenomena 
of  different  epochs  resolves  itself  into  the  marked  difference  between  the 
operations  simultaneously  in  progress,  above  and  below  the  waters.  Such, 
indeed,  is  the  source,  as  was  before  stated  in  the  First  Book  (chap,  v.), 
of  many  of  our  strongest  theoretical  prejudices  in  geology.  No  sooner 
do  we  study  and  endeavour  to  explain  submarine  appearances,  than  we 
feel,  to  use  a  common  expression,  out  of  our  element;  and,  unwilling  to 
concede  that  our  extreme  ignorance  of  processes  now  continually  going 
on  can  be  the  cause  of  our  perplexity,  we  take  refuge  in  a  '*  pre-existent 
order  of  nature." 
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Recent  formation  of  oolitic  travertin  in  Zancfrolc-^^flliODghoat  » 
considerable  part  of  Lancerote,  the  old  lavas  are  covered  by  a  thin  ftn- 
turn  of  limestone,  from  an  inch  to  two  feet  in  thickness.  It  is  of  a  had 
stalactitic  nature,  sometimes  oolitic,  like  the  Jura  limestone,  and  coQtaioi 
fragments  of  lava  and  terrestrial  shells,  chiefly  helices  and  spiral  ImlimL 
Yon  Buch  imagines,  that  this  remarkable  superstratum  has  been  prodneed 
by  the  furions  north-west  storms,  which  in  winter  drive  the  spray  of  tht 
sea  in  clouds  over  the  whole  island ;  from  whence  calcareous  partidei 
may  be  deposited  stalactitically.  If  this  explanation  be  correct,  and  b 
seems  highly  probable,  the  fact  is  interesting,  as  attesting  the  quantity  rf 
matter  held  in  solution  by  the  sea-water,  and  ready  to  precipitate  itself  io 
the  form  of  solid  rock.  At  the  bottom  of  such  a  sea,  impregnated,  as  in 
the  neighbourhood  of  all  active  volcanos,  with  mineral  matter  hi  sdlotioB, 
lavas  must  be  converted  into  calcareous  amygdaloids,  a  form  in  which  the 
igneous  rocks  so  frequently  appear  in  the  older  European  formations.  I 
may  mention  that  recent  crevices  in  the  rocks  of  Trezza,  one  of  the  Cj- 
clopian  isles  at  the  foot  of  Etna,  are  filled  with  a  kind  of  travertin,  as  high 
as  the  spray  of  the  sea  reaches ;  and  included  in  this  hard  veinstone  I 
have  seen  fragments,  and  even  entire  specimens,  of  recent  shells,  perhaps 
thrown  up  by  the  waves. 

Recent  eruption  in  Lancerote. — From  the  year  1736  to  1815,  when 
Von  Buch  visited  Lancerote,  there  had  been  no  eruption ;  but,  in  August, 
1824,  a  crater  opened  near  the  port  or  Rescif,  and  formed,  by  its  ejections, 
in  the  space  of  twenty-four  hours,  a  considerable  hill.  Violent 'earth- 
quakes preceded  and  accompanied  this  eruption.* 

Submarine  volcanos. — Although  we  have  every  reason  to  believe  that 
volcanic  eruptions  as  well  as  earthquakes  are  common  in  the  bed  of  the 
sea,  it  was  not  to  be  expected  that  many  opportunities  would  occur  to  sci- 
entific observers  of  witnessing  the  phenomena.  The  crews  of  vessels  have 
sometimes  reported  that  they  have  seen  in  different  places  sulphureous 
smoke,  flame,  jets  of  water,  and  steam,  rising  up  from  the  sea,  or  they 
have  observed  the  waters  greatly  discoloured,  and  in  a  state  of  violent 
agitation,  as  if  boiling.  New  shoals  have  also  been  encountered,  or  a 
reef  of  rocks  just  emerging  above  the  surface,  where  previously  there  was 
always  supposed  to  have  been  deep  water.  On  some  few  occasions  the 
gradual  formation  of  an  island  by  a  submarine  eruption  has  been  observed, 
as  that  of  Sabrina,  in  the  year  1811,  off  St.  Michael's,  in  the  Azores. 
The  throwing  up  of  ashes  in  that  case,  and  the  formation  of  a  cone  about 
300  feel  in  height,  with  a  crater  in  the  centre,  closely  resembled  the  phe- 
nomena usually  accompanying  a  volcanic  eruption  on  land.  Sabrina  was 
soon  washed  away  by  tiie  waves.     Previous  eruptions  in  the  same  part 

*  Ferussac,  Bulletin  dcs  Sci.  Nat.,  tome  v.  p.  45.  1825.  The  volcano  was  still 
burning  when  the  account  here  cited  was  written. 
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of  the  sea  vara  recorded  to  have  happened  in  1691  and  1720.  The  rise 
of  Nyoe,  also,  a  small  island  off  the  coast  of  Iceland,  in  1783,  has  already 
been  alluded  to^  and  another  volcanic  isle  was  produced  by  an  eruption 
near  Reikiavig,  on  the  same  coast,  in  June,  1830.* 

Crtaham  Island^  1831. — We  have  still  more  recent  and  minute  in- 
fomatton  respecting  the  appearance,  in  1831,  of  a  new  ▼deenic  island 
Ni  the  Mediterranean,  between  the  S.  W.  coast  of  Sicily  and  duit  project- 
ing part  of  the  African  coast  where  ancient  Carthage  stood.  The  site  of 
Iha  island  was  not  any  part  of  the  great  shoal,  or  bank,  called  **  Nerita,'* 
IS  was  first  asserted,  but  a  spot  where  Captain  W.  U.  Smyth  had  found, 
in  his  survey  a  few  years  before,  a  depth  of  more  than  100  fathoms* 
water.f 

The  posiUon  of  the  island  (lat.  37"^  8'  80"  N.,  long,  vr"  42'  15". E.) 
was  about  thirty  miles  S.W.  of  Sciacca  in  Sicily,  and  thirty-three  mileii 
N.  E.  of  Pantellaria.§  On  the  ^8th  of  June,  about  a  fortnight  before  the 
eruption  was  visible,  Sir  Pulteney  Malcolm,  in  passing  over  the  spot  in 
his  ship,  felt  the  shocks  of  an  earthquake,  as  if  he  had  struck  on  a  sand- 
bank ;  and  the  same  shocks  were  felt  on  the  west  coast  of  Sicily,  in  a 
direction  from  S.  W.  to  N.  E.  About  the  10th  of  July,  John  Corrao, 
the  captain  of  a  Sicilian  vessel,  reported  that,  as  he  passed  near  the  place, 
he  saw  a  column  of  water  like  a  water-spout,  sixty  feet  high,  and  eight 
hundred  yards  in  circumference,  rising  from  the  sea,  and  soon  afterwards 
I  dense  steam  in  its  place,  which  ascended  to  the  height  of  1800  feet. 
Fhe  same  Corrao,  on  his  return  from  Gergenti,  on  the  Idth  of  July, 
(band  a  small  island,  twelve  feet  high,  with  a  crater  in  its  centre,  ejecting 
rolcan^c  matter,  and  immense  columns  of  vapour,  the  sea  around  being 
MJ^ered  with  floating  cinders  and  d^ad  fish.  The  scoris  were  of  a 
chocolate  colour,  and  the  water  which  boiled  in  the  circular  basin  was  of 
I  dingy  red.  The  eruption  continued  with  great  violence  to  the  end  of 
:he  same  month,  at  which  time  the  island  was  visited  by  several  persons, 
md,  among  others,  by  Captain  Swinburne,  R.  N.,  and  M.  HofTmann, 
iie  Prussian  geologist.  It  was  then  from  fifty  to  ninety  feet  in  height, 
ind  three-quarters  of  a  mile  in  circumference.  By  the  4th  of  August  it 
>ecame,  according  to  some  accounts,  above  200  feet  high,  and  three  miles 
A  circumference ;  after  which  it  began  to  diminish  in  size  by  the  action 

• 

*  Jonm.  de  G^ol.,  tome  i. 

t  In  a  former  edition,  I  selected  the  name  of  Sciacca  out  of  seven  which  had  been 
>Topofled ;  but  the  ftoyal  and  Geo^aphical  Societies  have  now  adopted  Graham 
■land,  a  name  given  by  Captain  Senhouse,  R.  N.,  the  first  who  succeeded  in  land- 
ng  on  it.  The  seven  rival  names  are,  Nerita,  Ferdinanda,  Hotham,  Graham, 
I^orrao,  Sciacca,  Julia.  As  the  isle  was  visible  for  only  aboat  three  months,  this  k 
n  instance  of  a  wanton  multiplication  of  synonyms,  which  has  scarcely  ever  been 
>atdone  even  in  the  annals  of  toology  and  botaaj. 

X  PhU.  Trans.  1832,  p.  2&5. 

(  Journ.  of  Roy.  Geograph.  Soc.  1830-31. 
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of  As  VBTM,  md  wu  onlj  two  milea  ronnd  on  the-  2Stfa  of  ADgnii ;  ud 
OB  Ihe  8d  of  September,  when  it  wu  oarafiilly  eiimined  by  Cepttiii 
WodehouH,  only  Ihree-finha  of  a  mile  in  circnmrennee,  ila  greiMt 
height  being  then  107  feet.  At  this  time  the  crater  waa  abnut  780  feet 
in  eiicnmference.  On  the  <9ih  of  Sepieraber,  when  it  wu  viaited  I7 
Blona.  C.  Prevoat,  ita  circumference  was  reduced  to  about  700  711^ 
Tig  S8. 


Vita  of  Ike  inltriar  t^  Cralum  ItUtid,  29(A  Stpl.  ItOl. 
It  was  compoaed  entirely  of  incoherent  ejected  matter,  acoris,  pamiee. 
and  lapilli,  forming  regular  strata,  aome  of  which  are  described  u  having 
been  parallel  to  the  steep  inward  alope  of  the  crater,  while  the  rest  wen 
inclined  outwards,  like  those  of  Veauvitia.t  When  the  arrangement  of 
the  ejected  materials  has  been  determined  by  their  falling  continually  oo 
two  steep  slopes,  that  of  the  external  cone  and  lliat  of  the  crater,  which  is 
always  a  hollow  inverted  cone,  a  transverse  section  would  probably  re- 
semble that  given  in  Fig.  30,  p.  S6fi.  But  when  I  visited  Veanvins 
in  1828, 1  saw  no  beds  of  acorisB  inclined  towards  the  axis  of  tfaecone 
(see  Fig'  24,  p.  318).  Such  may  have  once  existed;  but  the  explosiontr 
or  Bubaidences,  or  whatever  cauaes  produced  the  great  crater  of  1823,  had 
possibly  destroyed  them. 

■  Phil.  Tnni.,  pait  ii.,  1B3S,  ndoeed  from  drawinga  by  C^tain  WodebooHf 
ILN. 
t  Bee  memoir  by  M.  C.  Pievoat,  Ann.  dei  8ci.  Not.,  torn.  xmr. 
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Graitam  Itland,  SOlA  Stpl.  ItJSI.* 
Fig,  30. 


Few  of  ihe  pieces  of  atone  thrown  out  from  Graliam  Inland  exceeded  a 
foot  in  diameter.  Some  fragmenls  of  doloroilic  lioieatune  were  inler^ 
mixed  ;  but  these  were  the  only  non-volcanic  Bubslancea.  During  the 
month  of  Augnal,  there  occurred  on  the  S.  W.  side  of  the  new  island  a 
Tiolent  ebullition  and  agjution  of  the  sea,  accompanied  by  the  constant 
ascension  of  a  column  of  dcnoe  white  steam,  inilicaiing  the  existence  of  a 
second  vent  at  no  great  depth  from  the  surface.  Towards  the  close  of 
October,  do  vestige  of  the  crater  remained,  and  the  island  was  nearly 
levelled  witli  the  surface  of  the  ocean,  with  the  exception,  at  one  point, 
of  »  email  monticule  of  sand  and  ecoriffi.  It  was  reported  that,  at  the 
Gomroencement  of  the  year  followiug  (1832),  there  was  a  depth  of  ISO 
feel  where  the  bland  had  been:  but  this  account  was  quite  erroneous; 
for  in  the  early  pari  of  that  year  Captain  Swinburne  found  a  shoal  and 
discoloured  water  therei  and  towards  the  end  of  1893  a  dangerous  reef 
exJBled,  of  an  oval  figure,  about  three-fifths  of  a  mile  in  extent.  In  die 
centre  was  a  black  rock,  of  the  diameter  of  about  Iwenty-aix  fathoms, 
from  nine  to  eleven  feet  under  water;  and  round  this  rock  are  banks  of 
black  volcanic  stones  and  loose  sand.  At  Uia  distance  of  sixly  fathoms 
from  this  central  mass,  the  depth  increased  rapidly.  There  was  also  a 
second  shoal  at  the  distance  t>f  490  feet  S.  W.  of  the  great  reef,  with  fif- 
teen feet  water  over  it,  also  composed  of  rock  surrounded  by  deep  sea. 


*  In  the  anDexed  iketch  (Fig.  39.),  drawn  by  H.  Joinville,  who  aiM!ompuii«d  H. 
C.  Prevoft,  the  bedj  kcid  to  alope  towudi  the  centra  of  ths  crmlar ;  hot  ]  am  ja> 
formed  by  Mr.  Ptevost  that  these  line*  were  not  iotandad  tiy  the  artlrt  to  npmsat 
the  dip  of  tha  beds. 
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We  can  searcely  doubt  that  the  roek  in  the  middle  of  the  lavger  reef  it 
•olid  lava  which  rose  up  in  the  prineipal  enter,  and  thai  the  aecond  shoil 
marks  the  eight  cf  the  submarine  .eruption  obsenred  in  Augii8t»  1811,  Is 
the  S.W.  of  the  bland. 

From  the  whole  of  the  facts  above  detailed,  it  appean  that  a  hill  800 
feet  or  more  in  height  was  formed  by  a  submarine  Tolcanic  Tent,  of  whidi 
the  upper  part  (only  about  200  feet  high]  emerged  above  the  waten,  m 
as  to  form  an  island.  This  cone  must  have  been  equal  in  eize  to  one  of 
the  largest  of  the  lateral  volcanoe  on  the  flanks  of  Etna,  and  about  Uf 
the  height  of  the  mountain  Jorullo  in  Mezicot  which  was  fonned  in  te 
course  of  nine  months,  in  1769.  In  the  centre  of  the. new  volcano  a  laip 
cavity  was  kept  open  by  gaseous  dischaiges,  which  threw  joai  ecoriB; 
and  fluid  lava  probably  rose  up  in  this  cavity.  It  is  not  uncommon  ibr 
small  subsidiary  craters  to  open  near  the  summit  of  a  cone,  and  one  rf 
these  may  have  been  formed  in  the  case  of  Graham  Island ;  a  vent,  pM^ 
haps,  connected  with  the  main  channel  of  discharge  which  gave  passsgt 
in  that  direction  to  elastic  fluids,  scoria,  and  melted  lava.  It  does  sol 
appear  that,  eilher  from  this  duct,  or  from  the  principal  vent,  there  w» 
any  overflowing  of  lava ;  but  melted  Tock  may  have  flowed  from  thi 
flanks  or  base  of  the  cone  (a  common  occurrence  on  land),  and  nay  hvn 
spread  in  a  broad  sheet  over  the  bottom  of  the  sea. 

Fig.  31. 


The  dotted  lines  in  the  annexed  figure  are  an  imaginary  restoration  of 
the  upper  part  of  the  cone,  now  removed  by  the  waves :  the  strong  lines 
represent  tlie  part  of  the  volcano  which  is  still  under  water.  In  the  cen- 
tre is  a  great  column,  or  dike,  of  solid  lava,  200  feet  in  diameter,  supposed 
to  fill  the  space  by  which  the  gaseous  fluids  rose ;  and  on  each  side  of 
the  dike  is  a  stratified  mass  of  scoriae  and  fragmentary  lava.  The  solid 
nucleus  of  the  reef  where  the  black  rock  is  now  found,  withstands  die 
movements  of  the  sea  ;  while  the  surrounding  loose  tufls  are  cut  away  to 
a  somewhat  lower  level.  In  this  manner  the  lava,  which  was  the  lowest 
part  of  the  island,  or  to  speak  more  correctly,  which  scarcely  ever  rose 
above  the  level  of  the  sea  when  the  island  existed,  has  now  become  the 
highest  point  in  the  reef. 

No  appearances  observed,  either  during  the  eruption  or  since  the 
island  disappeared,  give  the  least  support  to  the  opinion  promulgated  by 
some  writers,  that  part  of  the  ancient  bed  of  tlie  sea  had  been  lifted  up 
bodily. 


Ch.  XUI.]       THEORY  OF  SLEVATIOK  CRATERS.         987 

The  folid  products,  says  Dr.  John  Davy,  whether  they  coneisted  of 
sand,  light  cinderst  or  ▼esicolar  laya,  differed  more  in  form  than  in  com- 
position. The  lava  contained  augite  ;  and  the  ^pecifiofravity  was  2.07 
and  2.70.  When  the  light  spongy  cinder,  which  floated  on  the  sea,  was 
reduced  to  fine  powder  by  trituration,  and  tlie  greater  part  of  the  entangled 
air  got  rid  of,  it  was  found  to  be  of  the  specific  gravity  2.64  ;  and  that  of 
some  of  the  sand  which  fell  in  the  eruption  was  2.75  ;*  so  that  the  mate- 
rials equalled  ordinary  granites  in  weight  and  solidity.  The  only  gas 
evolved  in  any  considerable  quantity  was  carbonic  acid.t 

TTieory  of  Elevation  Cratera.X — Before  quitting  the  subject  of  submarine 
▼olcanofl,  it  will  be  necessary  to  say  something  of  an  opinion  which  has 
been  promulgated  by  Leopold  Von  Buch,  respecting  what  he  has  termed 
elevation  craters  (Erhebungscratere.)  He  has  attempted  to  explain,  by  a 
novel  hypothesis,  the  origin  of  certain  large  cavities,  and  the  peculiar 
conical  disposition  of  the  masses  of  volcanic  matter  which  surround  them* 

According  to  this  view,  such  cones  as  the  ancient  Vesuvius  (or  Somma), 
and  the  greater  part  even  of  the  modern  Vesuvius,  as  well  as  the  nucleus 
of  Etna,  and  many  other  mountains  of  similar  form,  have  not  derived  the 
actual  arrangement  of  their  materials  from  successive  eruptions  as  above 
described  fp.  314);  but  their  mode  oC  origin  is  thus  explained :  Beds  of 
pumice,  breccia,  trachyte,  basalt,  scorise,  and  other  substances  were  first  \/^ 
accumulated  in  a  horizontal  position,  and  then  lifted  up  by  the  force  of 
pent-up  vapours,'  which  burst  open  a  cavity  in  the  middle  of  the  upraised 
mass.  By  this  elevation  the  beds  were  so  tilted  as  to  dip  outwards,  in 
every  direction  from  the  central  cavity  or  crater,  at  various  angles  of  be- 
tween twelve  and  thirty-five  degrees.  In  this  way,  says  Von  Buch,  Monte 
Nuovo  itself  originated,  being  formed  of  the  same  marine  pumiccous  tufif 
which  occurs  at  Posilippo  and  the  country  round  Naples.  He  supposes 
that,  previously  to  1538,  this  tuff  stretched  uninterruptedly  to  tlie  site  of 
Monte  Nuovo  in  nearly  horizontal  beds,  until,  at  that  period,  it  was  up- 
heaved and  made  to  constitute  a  hill  more  than  400  feet  in  height,  with  a 
crater  of  nearly  equal  depth  in  the  centre.  In  the  unbroken  walls  sui> 
rounding  the  crater  appear  the  upper  ends  of  the  beds  of  tuff,  which  are 
there  seen  to  be  inclined  every  where  from  within  outwards.§ 

• 

'  PhU.  Trans.  1838,  p.  243.  t  Ibid.  p.  249. 

I  The  Tiew  which  1  now  gire  ot  the  theory  of  ele?ation  craters,  althoagh  more 
fnU,  is  sabstantiallj  the  same  which  I  published  in  the  first  edition,  printed  in  1829, 
ailer  I  had  exsmined  Vesuvius  aud  Etna,  and  compared  them  with  Mont  Dor  and  the 
Plomb  do  Cantal.  The  late  Professor  Hoffmann  of  Berlin  set  out  on  his  travels 
through  Italj  and  Sicily  in  1829,  with  a  stron[f  expectation  of  finding  every  where 
the  clearest  illustrations  of  the  *'  Erhebungscratere  ;'*  hot  when  he  had  explored  the 
Lake  Albano,  near  Rome,  as  well  as  Vesuvius,  Etna,  Stromboli,  and  the  other  Lipaii 
Islands,  he  was  compelled  reluctantly  to  abandon  the  doctrine.  (Bulletin  de  la  Soc. 
Geol.  de  France,  tom.  iii.p.  170.)  An  examination  of  the  same  countries  led  M.  C. 
Prevost,  as  it  had  dose  Mr.  Scrope  asd  snjself,  to  sijaular  oonclosions. 

§  Poggendorfi  Annalen,  1836,  p.  181. 


m  ISLE  or  PALIU.  [BeokD. 

Betbra  die  puUiutioii  of  thoM  opinioiu  it  had  dw^i  bMO  Infemdi 
from  the  acconnti  of  eye-witaeaMt,  (hat  Honle  Nnovo  ma  prodacad,  in 
1SS8,  in  the  nme  manoer  ai  Graham  laland  in  1S81.  Tboaa  whoba- 
held  the  eniption  relate  that  a  gnlf  opened  on  the  aite  of  the  email  tewi 
of  Tripergola,  near  Puzinolj,  eloae  to  the  aea,  from  Which  jeta  of  inidi 
tDiDgled  with  pumice  and  alonect  were  Tomiied  fin  a  day  aad  a  nigtit 
Theae  aubatancea,  falling  down  on  all  aidea  of  the  vent,  eai^^d  s  eooiol 
hill,  on  which  aevaral  peraona  aacended  a  few  daya  after  the  empliai, 
and  found  a  deep  funnel-ehaped  eraler  on  the  anmmit.  .(Set  p.  809,  aad 
Fig.  33,  of  Honts  Ndoto.)  There  ia  no  diffiealty  in  oonceiving  thai  Iht 
pumiceoua  mud,  if  bd  thrown  oat,  may  ha*e  aet  into  a  kind  of  aloie  aa 
drying,  juat  aa  aome  cementa,  compoaed  of  Tolcanie  aahea,  are  knowi  li 
aonaglidate  with  facility. 

One  of  the  firat  objectiona  which  natnrally  auggeat  ihemaelvea  It  Aa 
notion  of  a  cone  lilte  Monta  Nuovo  being  the  cflect  of  the  andden  aplifl> 
ing  of  horizontal  beda  of  rock,  haa  been  well  atated  by  Hona.  C.  PreraA 
who  remarka,  that  if  beda  of  aolid  and  non-elastie  materiala  had  yiddnd  M 
a  violent  preaaure  directed  from  below  npwarda,  we  should  find  not  mi^ 
a  deep  empty  cavity,  but  an  inegnlar  opet- 
*'  ing  wherejnany  rente  converged,  and  than 

y      \  ^  renia  would  be  eeen  to  break  tltnugh  On 

'V   /        \      /      walla  of  the  crater.    They  would  also  be 
-^J**-;^^'^^^^  widest  at  top  and   diminiah    downwarda. 
^L   ^^"^^^^^^  (^""^  '^'K-  ''*■  "•  *•)*  ^"^  "*"  "  ''"g'e  fiaaore 
\         ^  I  of  this  kind  is  obnervable  in  the  interior  of 

7  f  Monte  Nuovo,  nhere  the  walls  of  the  crater 

are  quite  rominous  anil  entire. 
Itle  of  Palma. — Ab  the  theory  of  elevation  crutere  was  firal  invented 
for  the  Canary  hlanda,  it  will  be  desirable  to  give  them  our  firat  consid^ 
ration ;  and  when  treating  of  this  subject  we  must  not  forget  how  much 
we  are  indebted  to  the  talents  and  zeal  of  Leopold  Von  Buch  for  hia  faith- 
ful description  of  these  islands,  as  well  as  for  his  aumeroua  other  worka 
on  Geology.  Rg.  33. 

Nearly  in  the  centre  of  Palma  ia  an  immense  circular        ^ 
cavity,  called  the   Csldera  or  basin,  which   forms   the    ,^i/ 
hollow  axis  of  tlie  entire  island.     A  lofty  mountain  ridge    y-"^ 
runs  round  this  axis,  and  presents  in  all  directions,  lo- 
wanla  the  Caldera,  a  perpendicular  precipice  of  no  less 
than  four  thousand  feet  in  height,  while  on  the  outside 
the  slope  is  gentle  Wwarda  the  sea.     The  middle  of  the 
Caldera  is  more  than  2000  feet  above  the  level  of  the      I^of  l 
ocean;  the  sorroundiag  borders  ("cnmbre,"  or  "creat"  in  Spaolah,)  are 

Mm.  da  la  Sea  QM.  da  Fianer,  torn.  ii.  p.  M. 
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Vita  of  the  Ult  of  Palraa,  and  of  the  Caldtra  in  tl>  ctjitre. 
or  various  heights,  atlaining  at  one  poini  an  elevation  of  7334  TeeL  Ths 
diameter  of  ihe  Calilera  is  aboul  six  miles;  and  ao  ateep  are  the  clKTa  by 
which  it  Is  environed,  that  tliere  is  not  a  single  pathway  ilown  tlie  rocks; 
anil  the  only  entrance  ia  by  the  ravine,  or  "  baranco,"  which  runs  from 
tlie  great  circus  down  lo  the  sea,  intersecting  all  the  rocks  of  which  the 
island  is  composed.  In  this  section  ate  exposed  strata  of  infT,  aliernaling 
with  beds  of  basalt ;  and  below  are  conglomerates,  composed  of  frngmenis 
of  granite,  quartz,  syenite,  and  other  ciystalline  rocks,  some  of  which  a]>- 
pear  in  one  place  in  situ.  Volcanic  dikes,  or  veins,  are  seen  culling 
through  all  these  formations  in  the  precipice  on  each  side  of  the  baranco, 
and  these  tncrease  in  number  as  we  pass  op  the  gorge,  and  approach 
nearer  to  the  Caldera.  The  veins  often  cross  one  another,  and  at  length 
form  a  perfect  net-work.  In  the  cliffs  encircling  the  Caldera  itself  are 
rarious  volcanic  rocks,  traversed  by  basaltic  dikes,  moat  of  which  are  per- 
pendicular, and  appear  to  hold  together  the  more  incoherent  masses 
through  which  they  cut.  'i'he  sloping  sides  of  the  island,  which  haa 
much  the  appearance  of  a  flattened  and  hollow  cone,  are  furrowed  by  nu- 
merous minor  ravines,  in  which  beds  of  red  and  yellow  scorite  are  ei- 
poted  lo  view.  The  ravines  are  deep  near  the  sea,  but  tbey  lerminats 
before  reaching  the  Caldera. 

From  this  description  1  find  it  impossible  to  draw  any  other  inference 
than  that  we  have  here  the  remains  of  a  great  volcanic  mountain,  formed 
by  successive  eruptions,  the  first  of  which  burst  through  granitic  rocks. 
A  great  cone  having,  in  the  course  of  ages,  been  built  up,  the  higher 
pans  of  it  were  afterwards  destroyed,  and  the  central  crater  enlarged  by 
gaseous  explosions ;  at  the  same  time  that  a  falling  in,  or  engulfment, 
of  large  masses  may  have  taken  place.  But,  according  to  the  theory  of 
**  elevation  craters,"  ve  are  called  upon  to  suppose,  that  a  series  of  hori- 
zontal beds  of  volcanic  matter  were  first  accumulated  over  each  other,  to 
the  enormous  depth  of  more  than  4000  thousand  feet,  after  which  the  ex- 
pansive force  was  directed  on  a  given  point  with  such  extraordinary 
energy,  as  to  lift  up  bodily  the  whole  mm,  so  that  it  rose  in  some  parts 
to  the  height  of   7000   feet   above  the   sea,  while   a  great  void  or 
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cavity  wu  formed  in  the  middle.  Tet,  noiwithetanding  this  prodigioM 
effort  of  gaseous  explosions,  concentrated  on  so  sinall  a  point,  tiw  bedii 
instead  of  being  shattered,  contorted,  and  thrown  into  the  utmost  disorier, 
have  acquired  that  regular  and  symmetrical  arrangeoMint  which  chaia^ 
terizes  the  flanks  of  thl$  httgb  mab  of  fetti  I  tMNIiqtltkfl;  When  they  set 
on  extensive  Ueeti  it  Smi»l  Wif  IsMiildy  OSfiUi  and  depraes  thssi 
without  detaaiiM  ftofiUtottHl^  dUi  MliUM  fHMMta  of  hiUe»  vaUeys,  sad 
ravines.  M  It  Uie  MHRiMI  Midi  •hdkitd  bW«k  AmfgH  i  Min  faml.  m 
it  were,  of  the  earth*i  craati  itiA  that,  too,  where  the  Ml  iMii  tfot  eo» 
.  posed  of  soft  yielding  clay,  or  incoherent  sand,  but  in  great  part  of  solid 
trachyte  and  basalt,  thousands  of  feet  thick,  is  it  possible  to  omieeivs  tint 
such  masses  of  rock  could  be  heaved  up,  so  as  to  attain  the  height  sf 
7000  feet,  or  more,  without  being  fissured  and  fractured  in  every  direetioaf 

^ut  there  is  another  difficulty  which  the  advocates  of  **  elevatioB  at* 
ters"  appear  to  have  overlooked.  Numeroua  dikea  or  veins  of  igosev 
rock  are  observed  in  the  walls  of  the  craters  df  Palma,  Somma,  StioBolNiiii 
and  other  volcanic  masses.  It  is  agreed  on  all  hands  that  such  dikn 
were  once  fissures,  at  first  empty  and  afterwards  filled  op  with  mellid 
matter.  It  must  also  be  conceded  that  the  fluid  was  introduced  at  dit 
ferent  periods,  for  after  the  cooling  and  consolidation  -of  some  dikes,  nev 
rents  have  occasionally  been  made  into  which  other  lavas  have  entered 
and  solidified.  Now  these  phenomena  imply  the  successive  rise  of  Ian 
from  the  interior  towards  the  surface,  precisely  in  the  region  where  ths 
height  of  the  volcanic  mountain  is  greatest,  and  where,  in  perfect  accord- 
ance with  the  eruption  theory,  ^he  quantity  of  igneous  rock  and  tufi"  are 
in  excess.  It  cannot  be  said  in  reply,  that  the  dikes  were  all  produced  at 
ouce  during  tlie  upheaving  of  the  mass,  or,  in  other  words,  that  fissures 
were  both  caused  and  filled  at  the  moment  when  the  uplifiing  force  was 
exerted,  and  when  the  cone  and  crater  were  formed ;  for  had  this  been 
the  case,  there  would  have  been  a  large  quantity  of  melted  matter  ready 
to  flow  down  into  the  crater,  which  would  then  have  been  partially 
choked  up,  at  the  same  time  that  the  fissures  would  have  been  left  par- 
tially empty. 

Great  Canary, — ^The  form  of  the  Great  Canary  is  very  analogous  to 
that  of  Palma,  there  being  here  also  a  caldera  and  a  principal  ravine  lead* 
ing  out  of  it,  on  the  south  side.  The  rocks  are  tufl*,  conglomerate, basalt, 
and  trachyte.  In  some  of  the  borders  of  the  island  are  marls  and  con- 
glomerates conuining  recent  marine  shells,  from  300  to  400  feet  above 
the  level  of  the  sea,  and  presenting  an  appearance,  says  Von  Buch,  as 
if  the  level  of  the  ocean  had  subsided  at  successive  periods.  These  are 
doubtless  the  efl*ect8  of  elevation^  and  at  tlie  base  of  Etna  marine  atrata 
are  in  like  manner  discoverable  ;  but  their  occurrence  does  not  prove  an 
upheaving  of  that  kind  from  which  cones  and  craters  would  resulL    It  is 
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also.  sUte<l  that  between  maaaes  of  baaalt  in  the  Great  Canary,*,  marine 
shells  have  been  found,  600  or  600  feet  above  the  sea,  all  of  which  is 
what  we  ahonld  now  expect  to  arise  on  the  flanks  of  Stromboli.  For  a 
great  number  of  alternating  beds  of  lava,  and  deposits  containing  ahells 
mixed  with  volcanic  sand  and  scoriae,  may  have  accumulated  on  the 
flanks  of  that  half-submerged  cone,  and  may,  one  day,  be  raised  up  in  the 
same  manner  as  continents  and  islands  have  risen  from  the  deep. 

7>ner(^.— The  Peak  of  Tenerifle  rises  out  of  a  valley  surrounded  by 
precipitous  clifl*8,  which  vary  in  height  from  1000  to  1800  feet,  and  which 
are  given  as  an  exemplification  of  the  **  Erhebungscratere.'*  The  Peak 
stands,  says  Von  Buch,  like  a  tower  encircled  by  its  fosse  and  bastion. 
The  volcanic  rocks  resemble,  in  general,  those  found  in  the  other  Canary 
Islands. 

Barren  /i/iond.— Barren  Island,  in  the  Bay  of  Bengal,  is  also  proposed 
as  a  striking  illustration  of  the  Erhebungscratere  ;  and  here,  it  is  said,  we 
have  the  advantage  of  being  able  to  contrast  the  ancient  crater  of  elevsi- 
tion  with  a  cone  and  crater  of  eruption  in  its  centre.  When  seen  from 
the  ocean,  this  island  presents,  on  almost  all  sides,  a  surface  of  bare 
rocks,  rising,  with  a  moderate  acclivity,  towards  the  interior  ;  bat  at  one 
point  there  is  a  cleft,  by  which  we  ean  penetrate  into  the  centre,  and 
there  discover  that  it  is  occupied  by  a  great  circular  basin,  filled  by  the 

Tig.  35. 


Cane  and  CraUr  of  Barren  Islandf  in  the  Bay  of  Bengal, 

waters  of  the  sea,  and  bordered  all  around  by  steep  rocks,  in  the  midst  of 
which  rises  a  volcanic  cone,  very  frequently  in  eruption.  The  summit 
of  this  cone  is  1690  French  feet  in  height,  corresponding  to  that  'of  the 
circular  border  which  incloses  the  basin  ;  so  that  it  can  be  seen  from  the 
sea  only  through  the  ravine,  which  precisely  resembles  the  deep  gorge  of 
the  caldera  of  the  Isle  of  Palma,  and  of  which  an  equivalent,  more  or  less 
decided  in  its  characters,  is  said  to  occur  in  all  elevation  craters.  It  la 
most  probable  that  the  exterior  inclosure  of  Barren  Island,  c,d,  (Fig.  86.) 

*  See  Berthelot  and  Webb,  cited  by  De  Beaumont,  Defcrip.  G^ol.  de  k  France, 
torn.  ill.  p.  254. 
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u  nothing  mora  thui  the  lemaiDi  of  a  tninoated  ooati  Ct  ■■  A*  tff  ■  gn4 
poriMM  of  wbich  hu  been  carried  awajr,  puily  bf  Iba  mUoh  of  iht 
WB*M.  and  partly  by  flxploaioiu  which  preceded  ibefinaiBlum  oTUibwv 


Santortn. — We  may  next  consider  the  ieland  of  Santorio,  in  dw  Cbt- 
din  Archipelagn,  aa  iu  Birneture  has  been  freqaenlly  apponlad  td  bj kd 
parties  during  the  conlroveray  now  under  eonaideration. 

The  three  ialmdi  of  Santorin,  Theruia,  and  AaprooMi  mammtim 
almoat  eifcular  gulf  of  about  two  leagnea  in  diameter' from  sooth  IB  Milk 
and  a  league  and  a-half  from  east  to  «eat.  The  Uland  of  SaBtorim  iMdf 
forma  more  thnn  Iwo-thirda  of  the  eircnit,  and  iaeampoaedaDlirdyofiit- 
eanic  matter,  with  the  exception  of  iia  eonthem  part,  wbioh  liaai  to  llim 
Wig.  VI. 


GUrt  and itclion  qf  SaiUorirt  and  tht  coMigyout  ialanda  in  Ue  Grednt  iTii iiftligr 

limes  the  height  o(  the  igneous  rocks  in  Ihe  island,  and  ia  formed  of  grasn- 
lar  limestone  and  argillaceous  schist.*  Ttiia  maunlsinons  part  is  ths 
original  and  fondameDial  nucleus  of  the  isle ;  and,  according  to  M.  Bory 

•  Viikt  BoU.  de  la  Soc.  G£ol.  de  Fnnce,  torn.  Ui.  p.  103L 
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de  St.  Vincent,  its  strata  have  the  same  direciion  as  those  of  the  other  isles 
of  the  Grecian  archipelago,  from  N.  N.W.  to  S.S.E.  Their  inclination 
and  fractures  have  no  relation  to  the  postilion  of  the  newer  volcanic  rocks, 
of  which  the  remainder  of  the  group  of  islands  is  exclusively  composed. 
The  volcanic  mass,  which  must  be  considered  as  quite  an  independent 
formation,  consists  of  alternating  beds  of  trachytic  lava,  tuff,  and  conglo- 
merate, which  dip  on  every  side  from  the  centre  of  the  gulf  ta  the  cir- 
cumference. Towards  the  gulf  they  present  uniformly  a  high  and  steep 
escarpment,  the  precipices  in  Santorin  rising  to  the  height  of  more  than 
800  feet,  and  plunging  at  once  into  a  sea  from  800  to  1000  feet  deep. 
Each  of  the  islands  is  capped  by  an  enormous  mass  of  white  tufaceous 
eonglomeratey  from  forty  to  fifty  feet  in  thickness ;  which  is  not  pumice, 
as  has  often  been  stated.  The  beds  of  lava  and  tuff,  above  mentioned, 
are  accumulated  in  great  numbers  one  upon  another,  and  of  unequal 
thickness ;  although  disposed  with  great  regularity,  when  viewed  as  a 
whole,  they  are  found  to  be  discontinuous,  as  in  Vesuvius,  when  any  par- 
ticular mass  is  traced  to  some  distance. 

Before  discussing  the  merits  of  the  theory  proposed  to  acconnt  for  the 
structure  of  this  volcanic  group,  it  will  be  desirable  to  give  a  brief  sketch 
of  its  history,  so  far  as  it  is  known.  Pliny  relates  that  the  separation  of 
Therasia  from  Thera,  or  Santorin,  took  place  after  a  violent  earthquake, 
in  the  year  233  before  the  Christian  era.  From  this  work,  and  other 
authorities,  we  also  learn  that  the  year  106  b.c.  gave  birth,  in  the  middle 
of  the  gulf,  to  Hiera,  or  the  Sacred  Isle,  still  called  Hiera-Nisos,  or  some* 
times  Pala^a  Kameni  (Old  Burnt  Island).  There  seems  to  have  been  no 
eruption  then,  but  simply  an  upheaving  of  solid  lava.  In  the  year  10  Of 
onr  era,  Thia  (the  Divine)  made  its  appearance  above  the  surface  of  the 
waters.  This  small  island  has  no  longer  a  separate  existence,  having 
been  joined  to  Hiera,  from  which  it  was  only  250  paces  distant:  Hiera 
itself  increased  in  size  in  726  and  in  1427.  In  1573,  the  small  island  of 
Micra-Kameni  appeared,  a  small  cone  and  crater,  100  feet  high,  raised  by 
successive  ejections. 

On  the  27th  of  September,  1650,  there  was  an  eruption  three  or  four 
miles  north  of  Santorin,  altogether  outside  of  the  gulf,  immediately  after 
violent  earthquakes.  It  gave  rise  to  no  new  islet,  but  greatly  elevated 
the  bottom  of  the  sea  on  the  spot.  The  eruption  lasted  three  months ; 
many  houses  on  Santorin  were  destroyed ;  and  the  vapours  of  sulphur 
and  hydrogen  killed  more  than  fifty  persons,  and  more  than  1000  domes- 
ticated animals.  A  wave  fifty  feet  higii  broke  upon  the  rocks  of  the  Isle 
of  Nio,  about  four  leagues  distant,  and  advanced  350  yards  into  the  inte- 
rior of  the  island  of  Sikino,  which  is  seven  leagues  off.  The  sea  also 
broke  upon  Santorin,  overthrew  two  churches,  and  exposed  to  view  a 
village  on  each  side  of  the  mountain  of  St.  Stephen,  both  of  which  must 
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hftte  been  OTerwhelmed  by  ihowen  of  Tolcanio  matte  dnrisf  aom 
foriMr  eruption.* 

Lastly,  in  1707  and  1700,  Nea  Kameni  was-  inodnead  betvwn  Pdui 
and  Mien  (old  and  lesser)  Kamenis.  This  isle  was  oompoaad  originaDy 
of  two  distinct  parts ;  the  first  which  rose  was  called  the  White  Island-^ 
mass  of  pumice,  extremely  porous.  Goree  the  Jesuit,  who  was  then  ia 
Santorin,  says  that  tlie  rock  **  cut  like  bread,**  and  that,  when  the.  inhi^ 
itants  landed  on  it,  they  found  a  multitude  of  full-grown  freeb  oysfw 
adhering  to  it,  which  they  eatt  This  island  was  afterwank  eovend,  la 
great  part,  by  the  matter  ejected  from  the  crater  of  the  aeoond  idmif 
produced  at  the  same  time,  called  **  Black  Island,"  being  compoeed  paidf 
of  brown  trachyte.  This  volcano,  now  named  Nea  (or  New)  KasMai, 
continued  in  eruption,  at  intenrals,  during  1711  and  1712,  and  formsda 
eone  880  feet  above  the  level  of  the  sea :  there  are  now,  tbeiefiiiB,  tvs 
ehannel»of  direct  communication  between  the  atmosphere  and  voksaie 
foci  beneath  the  group  of  Santorin;  namely,  the  cratess  ot  New  sad 
Little  Kameni. 

A  curious  fact  is  mentioned  by  M.  Virlet,  respecting  the  anppoaed  sluv 
and  progressive  rise  of  a  solid  ridge  at  the  bottom  of  the  sea.  Tweatj 
yean,  ago  there  was  a  depth  of  fiAeen  fathoms  of  water  between  the  hsNi 
Kameni  and  the  port  of  Phin  in  Santorin.  In  1880,  when  MhL  Viilel 
and  Bory  visited  the  spot,  then  was  only  a  depth  of  between  three  sad 
four  fathoms;  and  they  found  that  the  bottom  consisted  of  a  hard  nek, 
probably  trachyte,  measuring  about  eight  hundred  yards  from  E.  to  W. 
and  five  hundred  only  from  N.  to  S.  Beyond  this  the  sea  deepeni 
npidly  on  all  sides.  From  these  facts,  and  from  information  obtained  on 
the  spot,  M.  Virlet  infers  tliat  the  bed  of  the  sea  is  rising  gradually,  aad 
that,  in  all  probability,  a  new  island  may  one  day  appear  without  cos»- 
motion  above  the  surface.  He  suggests  that  the  solid  crust  of  rock  nov 
slowly  rising  may  resemble  a  cork  carried  up  by  the  fermentation  of  the 
liquor  on  which  it  fioat84 

After  the  explanation  before  ofiered§  of  the  mode  in  which  the  semi- 
circular escarpment  of  Somma  originated,  it  is  almost  needless  to  say  that 
I  regard  the  three  islands  which  encircle  the  gulf  of  Santorin  as  nothing 
more  than  the  ruins  of  a  great  volcanic  cone,  the  summit  of  which,  like 
that  of  the  ancient  Vesuvius,  or  of  Barren  Island,  has  been  destroyed; 
and  as  to  the  small  volcanic  islets  thrown  up  since  the  historical  era,  in 
the  centre  of  the  gulf,  they  may  be  compared  to  the  modern  cone,  or 
rather  cones,  of  Vesuvius. 


•  Virlet,  Bull,  de  la  Soc.  G^ol.  de  France,  torn.  iii.  p.  103. 

t  Phil.  Trana.,  No.  332.  |  See  M.  Virlet'a  Memoir,  befon  cited. 

§  Ante,  p.  318. 
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Von  Bach  sapposes  that  a  solid  dome  of  trachyte  is  now  rising  in  the 
mtre  of  the  bay,  and  that  the  expansive  force  from  below  will,  one  day, 
irst  an  opening,  and  cause  the  uplifted  rocks  to  dip  on  all  sides  from 
ithin  outwards.*  It  would  be  an  unprofitable  task  to  speculate  on  the 
ode  in  which  the  water  may  now  be  shoaling  in  the  centre  of  the  gulf 
'  Santorin,  or  on  the  possible  forms  which  the  uplifted  mass  may  assume, 
ndoubtedly  the  porous  mass  of  white  pumice  upheaved  in  1707  (see  p. 
M),  implies  the  partial  elevation  of  solid  matter,  and  may  be  compared 
srhaps  to  the  solid  crust  of  scoriae,  which  is  often  capable  of  supporting 
Mvy  weights  on  the  surface  of  lava  currents  still  in  motion.  Such  data 
re  far  too  scanty  and  obscure  to  form  a  solid  foundation  for  the  theory 
Dw  under  discussion. 

It  is  naturally  objected  by  M.  Virlet,  that  if  a  mass  like  Santorin, 
'hich,  including  its  submarine  foundations,  must  be  from  1700  to  2000 
let  in  thickness,  was  suddenly  and  violently  heaved  up  from  a  horizon- 
J  position,  we  might  expect  to  find  the  rocks  traversed  every  where  with 
miB  which  would  diverge  from  the  principal  centre  of  movement  to  the 
ifcumference  of  the  circular  area.  But  these  rents  are  wanting,  as  are 
U  signs  of  the  shattering  and  dislocation  of  the  mass.  At  the  same  time 
e  adduces  a  fact  which  must  surely  prove  conclusive  against  the  nQtion 
f  the  island's  having  been  formed  in  any  other  mode  than  that  by  which 
n  ordinary  cone  is  accumulated.  In  examining  the  various  currents  of 
iTa  (the  existence  of  which  was  unknown  to  Von  Boch,  who  had  not 
iaited  Santorin),  it  was  found  that  the  vesicles,  or  pores  which  abound 
D  them,  are  lengthened  in  the  several  directions  in  which  they  would 
alurally  be  drawn  out,  if  the  melted  matter  had  flowed  towards  different 
•oints  of  the  compass  from  the  summit  of  a  conical  mountain,  of  which 
be  present  islands  were  the  base.  The  force  of  this  argument  will  be 
ppreciated  by  those  who  are  aware  that  bubbles  of  confined  gas  in  a  fluid 
a  motion  assume  an  oval  form,  and  that  the  direction  of  the  longer  axis 
oincides  always  with  that  of  the  stream.  It  is  also  observed  by  M« 
iTirlet,  that  the  deep  stratum  of  white  tufaceous  conglomerate  by  which 
11  the  islands  are  uniformly  covered,  fhay  well  be  supposed  to  have 
esulted  from  heavy  showers  of  ejected  matter  which  fell  during  that 
paroxysmal  explosion  by  which  the  great  cone  was  originally  blown  up, 
runcated,  and  emptied  in  its  interior. 

The  manner  in  which  the  external  walls  were  separated  into  three  dis- 
inct  islands  is  easily  conceived.  The  principal  breaches  are  to  the  N.  W., 
he  quarter  most  exposed  to  the  waves  and  currents.  On  this  side,  the 
earthquake  of  233  d.c,  mentioned  by  Pliny,  may  have  caused  a  fissure, 
vhich  allowed  the  waves  and  currents  to  penetrate  and  sweep  away  the 
ncoherent  tufifs  and  conglomerates,  just  as  they  washed  away  Graham 

*  Poggendorfs  Annalen,  1836,  p.  183. 
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bland ;  and  if  there  happened  to  he  little  or  no  lava  st  earttin  poin«^  Ihe 
warea  would  in  ea^h  plaeea  readily  force  a  passage.* 

The  dimensions  of  the  Oalf  of  Santorin,  or  Ae  Oddert  of  the  Us  of 
Palma,  are  not  greater  than  we  may  suppose  to  result  from  the  trdnealioa 
and  OTacnation  of  ordinary  Tolcanic  coneti»   We  shall  aflerwarJa  tee  ibat 
Papandayang,  formerly  one  of  the  loAiest  toleanos  in  Java,  lost,  in  ITTSi 
about  four  thousand  feet  of  its  former  height.t    Durin|f  sin  eruption  ia 
1444|  accompanied  by  a  tremendous  earthquakot  the  sommit  of  Etai 
was  destroyed,  and  an  enormous  crater  was  left,  from  which  lara  flowed. 
The  segment  of  that  crater  may  still  be  seen  near  the  Casa  Inglese,  and, 
when  complete,  it  must  hare  measured  seyeral  miles  in  diameter.    Ths 
eone  was  afterwards  repaired ;  but  this  might  not  so  easily  hmre  happened, 
had  the  summit  of  Etna,  like  Stromboli  or  Santorin,  been  placed  in  a  deep 
aea;  for  in  that  case  the  vent  might  haTC  become  choked  np  with  atialt 
,  of  sand  and  conglomerate,  swept  in  by  wstcs  and  currents ;  and  these 
obstractions,  by  augmenting  the  repressire  force,  would  have  increaied 
the  Tiolence  of  subsequent  explosions.     There  is,  unquestionably,  a 
much  greater  probability,  when  the  Tolcanic  vent  communicates  With  llie 
atmosphere,  that  a  channel  will  be  kept  open  by  elaatic  fluids,  wherriif 
currents  of  lara  may  escape  without  resistance,  and  without  eanalng  anj 
▼iolent  commotion.    Let  us  suppose  the  large  Etnean  crater  of  1444  ts 
have  been  choked  up,  and  again  truncated  down  to  the  upper  maigin  of 
the  woody  region ;  a  circular  basin  would  thus  ha?e  been  formed,  thirtf 
Italian  miles  in  circumference,  exceeding  by  fire  or  six  miles  the  circuit 
of  the  Gulf  of  Santorin.    Yet  we  know,  by  numerous  sections,  that  the 
strata  of  trachyte,  basalt,  and  trachy tic  breccia,  would,  in  that  part  of  the 
great  cone  of  Etna,  dip  on  all  sides  off  from  the  centre,  at  a  gentle  angle, 
to  every  point  of  the  compass,  except  where  irregularities  were  ocea- 
aioned,  at  certain  points,  by  the  occurrence  of  the  small  buried  cones  be- 
fore mentioned.     If  this  gulf  were,  then,  again  choked  up,  and  the  Tent 
obstructed,  so  that  new  explosions  of  great  violence  should  truncate  the 
cone  once  more  down  to  the  inferior  border  of  the  forest  zone  of  Etna, 
the  circumference  of  the  gulf  would  be  fifty  Italian  miles.}     Yet  even 
then  the  ruins  of  the  cone  of  Etna  might  form  a  circular  island,  entirely 
composed  of  volcanic  rocks,  sloping  gently  outward  on  all  sides,  at  a  very 
slight  angle;  and  iliis  island  might  be  between  seventy  and  eighty  English 
miles  in  its  exterior  circuit,  rivalling  Palma  in  fertility;  while  the  circu- 
lar bay  within  might  be  between  forty  and  fifty  miles  round. 

If  a  difference  in  size  alone  were  a  sufficient  reason  for  seeking  a  dif- 
ference in  origin,  we  should  then  be  called  upon  to  refer  the  innermost 
cone  of  Vesuvius,  thrown  up  in  1828,  to  a  mode  of  action  distinct  from 

*  Virlet,  Ibid.  t  See  chap.  xvi. 

X  For  the  meuurements  of  different  parts  of  the  cone  of  Etna,  wte  Trmttsto  dei 
Boschi  del*  Etna,  Scuderi,  Aeti  dell'  Acad.  Gion.  de  Catan.,  vol.  i. 
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that  by  which  the  larger  cone  of  the  year  79  was  formed;  and  the  shape 
and  structure  of  this,  again,  might  be  attributed  to  a  series  of  operations 
distinct  from  those  to  which  the  outermost  cone  and  escarpment  of  Somma 
were  due.  It  is  extraordinary  that,  after  the  identity  of  the  form  and 
structure  of  Vesuvius  and  Somma  had  been  so  clearly  demonstrated  by 
M.  Necker,*  one  of  these  cones  should  actually  have  been  considered  by 
fCMne  of  the  followers  of  Von  Buch  as  an  **  Erhebungscratere/'  and  the 
other  as  a  cone  of  eruption.     (See  Fig.  24,  p.  318.) 

Had  there  been  any  foundation  for  the  theory,  that  violent  explosions 
of  gas  could  exert  the  power  of  raising  up  horizontal  strata  symmetrically 
round  a  central  cavity,  numerous  examples  would,  ere  this,  have  been 
adduced  of  strata  other  than  volcanic  elevated  in  this  way  round  some 
active  volcano.  But  where  do  we  find  an  instance  of  inner  cones  with 
craters  like  those  of  Vesuvius,  Santorin,  Barren  Island,  and  others,  en- 
circled by  precipices  of  rocks  exclusively  of  lacustrine  or  marine  origin* 
and  in  which  the  strata  have  the  quaqua-versal  dip,  characteristic  of  all 
cones  of  eruption  ?  If  such  could  be  pointed  out,  we  might  undoubtedly 
be  forced  to  concede,  that  the  cone  and  crater-like  configuration  may  be 
the  result  of  two  distinct  modes  of  formation.  It  is  not  pretended  that, 
on  the  whole  face  of  the  globe,  a  single  example  of  this  kind  can  be 
pointed  out.  Are  we  then  called  upon  to  believe  that,  whenever  elastic 
fluids  generated  in  the  subterranean  regions  burst  through  horizontal 
strata,  so  as  to  upheave  them  in  the  peculiar  manner  before  adverted  to, 
they  always  select,  as  if  from  choice,  those  spots  of  comparatively  insig- 
nificant area  where  a  certain  quantity  of  volcanic  matter  happens  to  lie  ; 
while  they  carefully  avoid  purely  lacustrine  and  marine  strata,  although 
they  often  lie  immediately  contiguous  ?  Why,  on  the  southern  borders 
of  the  Limagne  d'Auvergne,  where  several  eruptions  burst  through,  and 
elevated  the  horizontal  marls  and  limestones,  did  these  fresh-water  beds 
never  acquire,  in  any  instance,  a  conical  and  crateriform  disposition  ?  We 
have  no  hesitation,  therefore,  in  adhering  to  the  opinion,  that  all  tlie  cen- 
tral cavities  of  the  volcanic  mountains  alluded  to  by  Von  Buch,  are  simply 
craters  of  paroxysmal  explosion,  as  they  have  been  very  properly  termed 
by  Mr.  Scrope.  This  class  of  craters,  or  cnp-shaped  hollows,  have 
usually  been  formed  where  the  earth's  crust  happened  to  be  composed  of 
▼olcanic  matter;  but  not  always.  Elastic  fluids  have  sometimes  burst 
through  rents  in  other  rocks,  and  have  shattered  them  for  a  certain  space, 
and  blown  their  contents  into  the  air.  Tlius  in  the  volcanic  region  of  the 
Eifcl,  explosions,  sometimes  unaccompanied  by  the  emission  of  lava,  have 
excavated  craters  in  strata  of  sandstone  and  shale ;  but  they  have  not 
raised  the  strata  all  round  the  central  cavity.     The  distinctness  of  these 

*  M^ moire  ear  le  Mont  Somma,  M^m.  de  la  See.  de  Phjs.  et  d'Hist.  Nat.  de 
G^n^ve,  torn.  ii.  part  i.  p.  155. 
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phenomena  from  those  appealed  to  in  eorroboration  of  the  '*  Eihebnii- 
eratere**  will  be  pointed  out  in  the  Fourth  Book.* 

An  attempt  has  been  made  to  adduce  the  aneieiit  Toleaiice  of  Certnl 
France,  the  Mont  Dor,  and  the  FJomb  dn  Cantd,  as  iUuetratioiui  of  eleia> 
tion  craters,  but  it  has  been  found  necessary  to  resort  to  a  very  eooffr 
cated  hypothesis  in  order  to  reconcile  their  form  and  stmetore  to  the  eoe* 
ditions  required  by  the  elevation  theory.  M.  FroToet  had  leoiarfced  Ikt 
the  thickness  of  volcanic  matter  is  much  more  considerable  in  the  tmtn 
of  these  masses  than  at  their  circumference,  for  at  the  ceDtre  then  sii 
sections  several  hundred  yards  deep  of  traehjrte  JbA  tnrftoeoiis  hreenJM, 
while  round  the  borders  there  are  only  thin  deposits  of  tuff  and  basrit 
covering  the  fundamental  rocks,  which  in  the  case  of  the  Mont  Dor  sn 
granite,  in  the  Gantal  tertiary  mad  and  limestone,  and  granitie  aehiitt 
These  fundamental  rocks  are  themselves  quite  exposed  at  the  eaiiaes,  ai 
at  X  (Fig.  88.),  as  soon  as  we  recede  from  the  borden  of  the  velsMir 
region.  We  cannot,  therefore,  admit  the  actual  configuration  of  MonI  Dor 

Fig.  36. 


and  the  Cantal  to  have  been  the  efiect  of  a  vident  upheaval  of  volcnie 
materials,  previously  horizontal,  unless  we  are  prepared  to  snppoee  thst 
these  materials  first  filled  deep  basins  or  hollows  of  a  nearly  circular  ibnif 
of  which  a,  d^  c  (Fig.  80,)  may  be  taken  as  a  section,  and  afterwards  tk 


elevating  force  roust  have  been  applied  precisely  at  the  point  where  the 
thickness  of  igneous  rock  was  greatest,  or  at  (f,  and  with  such  energy  at 
to  invert  the  original  position  of  the  cone,  and  to  cause  the  mass  to  occupy 
the  space  a,  6,  c,  instead  of  a,  (f,  c. 

These  consequences  were  proposed  as  fatal  objections ;  but  Monsieur 
Elie  de  Beaumont,  while  fully  admitting  them,  denies  that  they  invalidate 
Von  Buch's  theory.  He  assumes  that  in  Auvergne,  Cantal,  and  Velay, 
deep  depressions  did  actually  exist  just  in  the  spots  where  the  three  vol- 
canic  mountains  of  Mont  Dor,  Cantal,  and  Mezen  now  rise.  Eruptioni 
took  place  at  scattered  points  near  the  margin  or  on  the  sides  of  these  de- 
pressions, so  that  trachyte,  basalt,  pumice,  and  scoriae  were  emitted  from 


«  See  Index,  «  Eifel/' 

t  Mim.  de  la  Soo.  G6oL  de  France,  tom.  ii.  p.  91. 
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liflTerent  vents.  The  fused  materials  flowed  down,  and  the  ejected  frag* 
Bents  and  scoriae  were  washed  by  the  rains,  so  as  to  aecomulate  in  greats 
iBt  thickness  towards  the  central  or  deepest  part  of  each  basin.  In  this 
nanner  the  conical  or  lenticular  forms  of  the  future  volcanic  moontains 
irere  first  cast  as  it  were  in  a  mould,  sunk  in  granitic  or  tertiary  rocks, 
intil  the  time  arrived  when  the  gaseous  power  was  so  directed  agatnaft  the 
rolcanic  accumulations,  that  they  were  rent  and  thrust  up,  and  made  to 
iresent  a  convexity  upwards  instead  of  downwards.  During  this  npr 
leaval  the  beds  acquired  their  actual  dip  on  every  side  away  from  tb# 
nrincipal  point  of  elevation.  It  is  not  stated  whether  the  concavity 
I,  6,  c,  (Fig.  89.)  which  must  have  been  occasioned  by  the  npliflling 
if  the  igneous  rocks,  and  their  removal  to  a,  6,  c,  remains  at  present 
in  empty  space,  or  whether  the  space  has  since  been  occupied  by 
>tlier  matter,  and  if  so,  by  what.  Nor  is  any  reason  assigned  why, 
o  every  instance,  the  lowest  point  of  each  basin,  whether  composed 
>f  granite  or  other  rock,  should  happen  to  be  the  point  of  maximnni  ele* 
ration  during  a  subsequent  process  of  subterranean  expansion.  We 
night,  perhaps,  believe  in  one  fortuitous  coincidence  of  this  kind,  and 
prant  that  the  deepest  part  of  a  pre-existing  basin  happened  to  be  the  point 
)f  least  resistance  in  the  whole  neighbourhood,  or  might  even  imagine 
bat  it  remained  so  aAer  it  was  loaded  by  the  weight  of  a  thousand  feet  ov 
Bore  of  solid  basalt  and  breccia.  But  how  can  we  suppose  that  in 
leveral,  nay,  in  hundreds  of  cases,  the  gaseous  explosion  should  break 
Forth  precisely  where  some  original  depression  was  deepest,  and  where 
Jie  surface  was  afterwards  loaded  with  the  greatest  mass  of  woltmm 
natter? 

In  cones  and  craters  which  we  have  seen  produced,  or  which  have  been 
ingmented  in  size  by  eruptions  of  lava  and  scoriae,  we  know  that  the 
largest  and  heaviest  fragments  fall  nearest  to  the  principal  vent,  and  that 
ihis  is  one  cause  of  the  conical  form  of  the  heap.  We  know  also  that 
lava  currents  are  often  insufficient  in  volume  or  fluidity  to  extend  far  from 
the  point  where  they  issue,  and  hence  many  currents  stop  short  before 
ipproaching  the  circumference  of  a  large  cone.  This  is  another  obvious 
»use  of  die  peculiar  shape  of  v(deamc  mountains,  and  the  inclined  posi- 
tion of  their  component  beds  of  rock.  In  direct  defiance  of  such  striking 
inalogy,  we  are  told  that  we  must  look  for  die  point  of  eruption,  not 
where  lava  and  scoriae  are  now  accumulated  in  the  greatest  abondance^ 
)ut  anywhere  and  everywhere  rather  than  at  that  point  I 

It  has  been  said  that  the  sheets  of  trachyte  and  basalt  on  the  Mont  Dor 
ind  Oantal  are  too  broad  and  too  thick  to  have  congealed  en  a  slope 
which  formed  an  angle  of  more  than  three  degrees  witi^  ihe  horison,  and 
;hat  diese  ancient  igneous  rocks  are  more  compact  and  less  oellnlar  than 
modem  lava,  and  that  the  bubbles  of  gas  inclosed  in  them  would  have 
)een  drawn  out  into  more  lengthened  forms  if  they  had  flowed  down  an 
Vol.  I.— 2  W 
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indindl  pliiie  iteeper  thtn  that  abo^e  ^jluded  to.  It  it  alfo  alBniMd  Aal 
modem  laTm  ■treania«  when  they  ran  down  the  eideeof  a  eone.  fimi  eelf 
a  nanow  atream  or  thread  of  melted  matter.*  la  nplj  I  nmj  obeenep 
dial  iMe  namber  of  aeearate  obaenrationa  on  tUe  efieeta  of  BMideni  ara^ 
tiona  ia  too  aeanty  to  enable  a  geologiat  to  inaiat  on  aneh  pofaits  of  dit» 
eordanee,  althoagh  we  know  enough  to  ahow  that  aome  of  them  have 
been  exaggerated.  We  learn  from  Mr.  Abich*  who  witaeaaed  the  erap- 
tion  of  VeaoTiua  in  1888  and  1884«  that  la?a  eonaotidated  on  a  wj  amp 
alopoy  and  that  the  beda  flowing  one  oyer  another  pnaei'fod  their  panl- 
lelkm  from  top  to  bottom  of  the  eone«  withont  anj  viaible  diffenaea  af 
thickneaa.  He  deniea  that  they  evinced  any  tandeaey  to  roBf,  offAa 
cone,  «id  atatea,  aa  indeed  othera  had  atated,  that  iheamomit  of  dedivitf 
on  which  lava  ia  capable  of  becoming  fixed  or  eongealedv  depende 
entirely  on  the  degree  of  ita  original  fluidity,  which  ia  esoeedlngly 
Ue.*  Sir  W.  Hamilton  had  related  that  on  VeauTinat  in  1778  and  1191, 
the  lava  thrown  up  in  jeta  into  the  air  waa  atiU  red  hot  when  it  iUl  dowa 
again  upon  the  eonea,  which  it  inveated  with  one  complete  body  of  in. 
(See  p.  816.)  From  auch  ahowera  may  rcault  continuone  envebpob 
if  not  of  lava,  at  leaat  of  aolid  aeori«,  the  half-melted  firagoMmta  bai^f 
known  to  cohere  together  into  one  maaa,  aa  they  cool  around  the  leat 
It  ia  alao  atated  that  in  aome  eruptiona  large  portiona  of  the  upper  lim  of 
the  crater  broke  down  auddenly,  ao  that  a  broad  aheet  of  lavm  deeeanW 
the  flanka  of  the  cone. 

The  aectiona  aeen  on  the  flanks  of  Mont  Dor  and  Cental  are  not  aoS- 
ciently  numerous  to  enable  a  geologist  to  trace  with  certainty  the  eoa- 
tinuity  of  the  same  flows,  and  to  prove  their  precise  identity  at  diatiat 
points.  The  number  of  difierent  beds  is  extremely  great,  eapecially  neir 
the  centre  and  summit  of  each  mountain ;  and  we  see  tufia  altematiof 
again  and  again  with  basalt  and  trachyte.  Oflen  on  the  opposite  sides  of 
the  same  valley  in  the  Cental  the  tufls  and  lavas  by  no  means  coincide, 
bed  for  bed. 

As  to  the  texture  of  the  more  ancient  igneous  rocks,  it  may  be  admit- 
ted that  they  are  generally  more  compact ;  yet  they  are  aometimea  very 
porous,  and  occasionally  exhibit  signs  of  having  been  in  motion.  On 
the  other  hand  some  modern  lavas  of  Etna  are  extremely  compact.  This 
character  may  probably  be  modified  in  part  by  mineralogical  compoaition, 
and  the  degree  of  fluidity  of  difierent  varieties  of  lava  and  the  quantity  of 
gas  contained  in  them,  as  well  as  by  the  declivity  of  the  surface  on  which 
they  cool.  That  the  ancient  lavas  of  France  should  difier  in  many 
respects,  and  particularly  in  composition,  from  those  now  flowing  from 
Vesuvius  and  Etna,  is  natural,  since  we  are  told  that  the  active  volcanos 
of  the  Andes  produce  lavas  quite  distinct  from  those  of  Europe,  both 
ancient  and  modern.    According  to  Von  Buch,  the  American  volcanic 

*  Bulletin  de  la  Boo.  QM.  da  France,  torn.  vii.  p.  40. 
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I  contain  generaUy  albite  instead  of  common  felspar  as  a  principal 
dient.'* 

I  may  not  some  large  volcanic  cones  have  been  subjected  to  a  cer- 
amoant  of  forcible  elevation  produced  by  the  local  earthquakes 
rally  felt  during  and  before  eruptions  ?  This  may  be  conceded,  for 
requently  see  that  the  same  force  vhich  drives  lava  up  the  central 
has  power  to  rend  the  conci  and  may,  therefore,  in  some  cases,  till 
leds  so  as  to  raise  them  and  increase  their  original  slope.  Some 
i«  therefore,  may  have  had  their  central  mass  successively  upheaved 
certain  extent,  while  they  were  thiclLened  outwardly  by  new  show- 
f  scoriae  and  lava  streams.  But  although  this  theory  of  elevation 
Mrtial  dislocation  accompanying  successive  eruptions  may  be  called 
explain  certain  phenomena,  it  may  be  regarded  only  as  a  subsidiary 
robordinate  hypothesis,  eruptions  alone  without  upheaval  being  the 
ipal  and  often  the  sole  cause  of  volcanic  cones  and  craters, 
remains  to  consider  how  far  the  analogy  of  certain  tracts  which 
a  dome-shaped  configuration,  and  have  been  called  valleys  of  eleva- 
lend  any  support  to  the  elevation-crater  theory.  The  meaning 
led  to  the  term  valleys  of  elevation  will  be  fully  understood  by  study* 
tie  21st  and  22d  chapters  of  the  Fourth  Book.  It  is  not  disputed  that 
ontai  strata  have  in  this  case  been  upheaved,  in  such  a  manner  as  to 
iff  in  all  directions  from  a  central  nucleus ;  but  generally  this  phe- 
mon  is  only  a  modified  form  of  that  kind  of  linear  upheaval  to  which 
itain  chains  owe  their  origin.  Such  protuberances,  therefore,  are  in 
normal  form  elliptical,  rather  than  circular,  although  occaskmdlj 
resemble  or  may  even  be  identical  in  outward  shape  with  certaiii 
nic  cones.  But  the  analogy  fails  in  many  essential  partioaburs.  The 
ttio  mass  (Fig.  38.)  is  thickest  towards  the  centre,  and  thins  out 
1  the  circumference  at  x  x.\  but  in  the  Elevation  Valley  (Fig.  40.) 


Volcanic  MowUain, 


Fig.  38. 


Elevatian  VaUcy 


Fig.  40. 


is  no  such  thinning  out  of  the  formations  found  in  the  middle  of  the 
ted  tract.  In  the  one  case  (Fig.  88.)  the  fundamental  rock  c  makes 
pearance  at  the  surface  at  x^  x;  but  in  the  other,  on  the  contrary 


Poggendorf '8  Annalen,  1836,  p.  190. 
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(Fig^.  4iOt.)  ike  ttrata  forming  the  nucleus  c  are  remoTed  fartheet  from  llie 
surface  below,  a?,  x.  In  both  instances  there  may  be  a  central  depian 
ioD^  but  in  (Ke  Elevation  Valley  it  is  cauaed  partly  by  fracture  and  partly 
by  denudation ;  and  if  the  central  mass  or  nudeaa  happens  to  be  cooi- 
posed  «f  some  hard  rock,  there  is  then  a  ridge  or  eminenoe  ia  the  mMk 
instead  of  a  depression.  Sometimes  a  steep  escarpment  aarronnds  ike 
TaUey  of  eievaiion,  but  not  always,  and  when  such  cliffs  ezial  tkcy  tie 
principally  due  to  denudation.  They  are,  moreovert  usually  inlsneetad 
by  open  ravines,  caused  by  cross  fractures  and  fanlta  mnoiiig  at  right 
angles  to  Ike  longest  diameter  of  the  ellipse,  which  cross  fraetaiea  tie 
wanting,  as  before  observed,  in  Uie  so-called  craters  of  elevation. 

Jtfmero/  CampoHiian  of  Volcanic  Producta^'^The  mineral  oaUed  Mr 
spar  forma  in  general  more  than  half  of  the  mass  of  modem  lavaa.  Wlua 
it  is  in  great  excess,  lavas  are  called  trachytic ;  they  consist  generally  of 
a  base  of  compact  felspar,  in  which  crystals  of  glaaay  felspar  am  dii- 
aeminated.*  When  augite  (or  pyroxene)  predominates,  lavas  are  termed 
basaltic.  But  others  of  an  intermediate  composition  occur,  which  horn 
their  colour  have  been  called  gray-stones.  The  abundance  of  quarts, 
forming  distinct  crystals  or  concretions,  characterizes  the  granitic  and  other 
ancient  rocks,  now  generally  considered  by  geologists  as  of  igneous  origia: 
whereas  that  mineral  is  rarely  exliibited  in  a  separate  form  in  recent  lavas, 
although  silica  enters  largely  into  their  composition.  Hornblende,  so 
common  in  faypogene  rocks,  or  those  commonly  called  **  primary,"  ii 
rare  in  modem  lava  ;  nor  does  it  enter  largely  into  rocka  of  any  age  in 
which  augite  abounds.  It  should,  however,  be  stated,  that  the  experi- 
ments of  M.  Gustavus  Rose  have  made  it  very  questionable,  whether  the 
minerals  called  hornblende  and  augite  can  be  separated  as  distinct  species, 
as  their  different  varieties  seem  to  pass  into  each  other,  whether  we 
consider  the  characters  derived  from  their  angles  of  crytallization,  their 
chemical  composition,  or  their  specific  gravity.  The  difference  in  form 
of  the  two  substances  may  be  explained  by  the  diflerent  circumstances 
under  which  they  have  been  produced  ;  the  form  of  hornblende  being  the 
result  of  slower  cooling.  Crystals  of  augite  have  been  met  with  in  the 
scoriae  of  furnaces,  but  never  those  of  hornblende;  and  crystals  of  augite 
have  been  obtained  by  melting  hornblende  in  a  platina  crucible,  but  horn- 
blende itself  has  not  been  formed  artiHcially.t  Mica  occurs  plentifully  io 
some  recent  trachytes,  but  is  rarely  present  where  augite  is  in  excess. 

Frequency  of  eruptions^  and  nature  of  subterranean  igneous  rocks.^ 
When  we  speak  of  the  igneous  rocks  of  our  own  times,  we  mean  that 
small  portion  which,  in  violent  eruptions,  is  forced  up  by  elastic  fluids  to 
the  surface  of  the  earth, — the  sand,  scorise,  and  lava,  which  cool  in  the 

•  See  Glossary,  at  the  end  of  the  first  volume. 
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ipea  air.  But  we  «aimot  obtain  acceaa  lo  that  whieli  is  congealed  far 
beneath  the  surface  under  great  pressure,  equal  to  that  of  many  hundred, 
Mr  nany  thousand  atmoqteres. 

During  the  last  century,  about  fifty  eruptions  are  recorded  of  the  five 
European  volcanic  districts,  of  Vesuvius,  Etna,  Volcano,  Santorin,  and 
beland ;  but  many  beneath  the  sea  in  the  Grecian  Archipelago  and  near 
iodand  may  doubtless  have  passed  unnoticed.  If  some  of  them  produced 
BO  lava,  others,  on  the  contrary,  like  that  of  Skapt&r  Jokui,  in  1783, 
pooled  out  melted  matter  for  five  or  six  years  consecutively ;  which  cases, 
being  redioned  as  single  eruptions,  will  compensate  for  those  of  inferior 
strength.  Now,  if  we  consider  the  active  volcanos  of  Europe  to  consti- 
tiHe  about  a  fortieth  part  of  those  already  known  on  the  globe,  and  calcu- 
late that,  one  with  another,  they  are  about  equal  in  activity  to  the  burning 
mountains  in  other  districts,  we  may  then  compute  that  there  happen  on 
the  earth  about  two  thousand  eraptions  in  the  course  of  a  century,  or 
about  twenty  every  year. 

However  inconsiderable,  therefore,  may  be  the  superficial  rocks  which 
the  operations  of  fire  produce  on  the  surface,  we  must  suppose  the  sub- 
terranean changes  now  constantly  in  progress  to  be  on  the  grandest  scale. 
The  lofViest  volcanic  cones  must  be  as  insignificant,  when  contrasted  to 
the  products  of  fire  in  the  nether  regions,  as  are  the  deposits  formed  in 
shallow  estuaries  when  compared  to  submarine  formations  accumulating 
in  the  abysses  of  the  ocean.  In  regard  to  the  characters  of  these  volcanic 
rocks,  formed  in  our  own  times  in  the  bowels  of  the  earth,  whether  in 
rents  and  caverns,  or  by  the  cooling  of  lakes  of  melted  lava,  we  may  safely 
infer  that  the  rocks  are  heavier  and  less  porous  than  ordinary  lavas,  and 
more  crystalline,  although  composed  of  the  same  mineral  ingredients.  As 
the  hardest  crystals  produced  artificially  in  the  laboratory  require  the 
longest  time  for  their  formation,  so  we  must  suppose  that  where  the  cool- 
ing down  of  melted  matter  takes  place  by  insensible  degrees,  in  the  course 
of  ages,  a  variety  of  minerals  will  be  produced  far  harder  than  any  formed 
by  natural  processes  within  the  short  period  of  human  observation. 

These  subterranean  volcanic  rocks,  moreover,  cannot  be  stratified  in 
the  same  manner  as  sedimentary  deposits  from  water,  although  it  is  evi- 
dent that  when  great  masses  consolidate  from  a  state  effusion,  they  may 
separate  into  natural  divisions  ;  for  this  is  seen  to  be  the  case  in  many  lava 
corrents.  We  may  also  expect  that  the  rocks  in  question  will  often  be 
rent  by  earthquakes,  since  these  are  common  in  volcanic  regions ;  and  the 
fissures  will  be  often  injected  with  similar  matter,  so  that  dikes  of  crys- 
talline rock  will  traverse  masses  of  similar  composition.  It  is  also  clear, 
that  no  organic  remains  can  be  included  in  such  masses,  as  also  that  these 
deep-seated  igneous  formations,  considered  in  mass,  must  underlie  all  the 
strata  containing  organic  remains,  because  the  heat  proceeds  from  below 
upwards,  and  the  intensity  required  to  reduce  the  mineral  ingredienu  to 
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a  flaid  state  must  destroy  all  organic  bodies  in  rocks  inelnded  in  the 
of  them. 

If  by  a  continued  series  of  elevatory  moTementSv  such  masses  shall 
hereafter  be  brought  up  to  the  surface,  in  the  same  manner  as  sedimeatafj 
marine  strata  have,  in  the  course  of  ages,  been  upheaved  to  the  sumniitof 
the  loftiest  mountains,  it  is  not  difficult  to  foresee  what  perplexing  proUeBi 
may  be  presented  to  the  geologist.  He  may  then,  perhaps,  study  in  sone 
mountain  chain  the  very  rocks  produced  at  the  depth  of  several  mOif 
beneath  the  Andes,  Iceland,  or  Java,  in  the  time  of  Leibnitz,  and  draw 
from  them  the  same  conclusion  which  that  philosopher  derived  from  o«p- 
tain  igneous  products  of  high  antiquity  ;  for  he  conceived  oar  globe  to 
have  been,  for  an  indefinite  period,  in  the  state  of  a  comet,  withoat  id 
ocean,  and  uninhabitable  alike  by  aquatic  or  terrestrial  animals. 


CHAPTER    XIV. 

EARTHQUAKES  AND  THEIR  EFFECTS. 

Euthquakes  and  their  effects — Deficiency  of  ancient  accoanta — Ordinarj  atmotpbenc 
phenomena — Changes  produced  by  earthquakes  in  modem  times  considered  io 
chronological  order — Earthquake  in  Chili,  1835 — Isle  of  Santa  Maria  raised  ted 
ieet->Chili,  1822 — Extent  of  country  elevated  (p.  381.) — Aleppo  and  loniaa  Uef 
— Earthquake  of  Cutch  in  1819 — Subsidence  in  the  delta  of  the  Indus  (p.  383.)— 
Island  of  Sumbawa  in  1815— Town  of  Tomboro  submerged — Earthquake  of  Ga« 
raccas  in  1812 — South  Carolina  in  1811 — Changes  in  the  valley  of  the  Mississippi 
(p.  388.)— Aleutian  Islands  in  1806 — Reflections  on  the  earthquakes  of  the  nine- 
teenth century— Earthquake  in  Quito,  Quebec,  d^c.— Java,  1786 — Sinking  down 
of  large  tracts — Japan  isles,  1783. 

In  the  sketch  before  given  of  the  geographical  boundaries  of  Tolcanic 
regions,  I  stated,  that  although  the  points  of  eruption  are  but  thinly  seat* 
tared,  constituting  mere  spots  on  the  surface  of  those  vast  districts,  yet 
the  subterranean  movements  extend  simultaneously  over  immense  areas. 
We  may  now  proceed  to  consider  the  changes  which  these  movements 
produce  on  the  surface,  and  in  the  internal  structure  of  the  earth's  crust. 

Deficiency  of  ancient  accounts, — It  is  only  within  the  last  century  and 
a-half,  since  Hooke  first  promulgated  his  views  respecting  the  connexion 
between  geological  phenomena  and  earthquakes,  that  the  permanent 
changes  effected  by  these  convulsions  have  excited  attention.    Before  that 
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time  the  narratiye  of  the  historian  was  almost  exclasively  confined  to  the 
number  of  human  beings  who  perished,  the  number  of  cities  laid  in  ruins, 
the  value  of  property  destroyed,  or  certain  atmospheric  appearances 
which  dazzled  or  terrified  the  observers.  The  creation  of  a  new  lake, 
the  engulfing  of  a  city,  or  the  raising  of  a  new  island,  are  sometimes,  it 
is  true,  adverted  to,  as  being  too  obvious,  or  of  too  much  geographical  in^ 
terest,  to  be  passed  over  in  silence.  But  no  researches  were  made  ex- 
pressly with  a  view  of  ascertaining  the  amount  of  depression  or  elevation 
of  the  ground,  or  any  particular  alterations  in  the  relative  position  of  sea 
and  land ;  and  very  little  distinction  was  made  between  the  raising  of 
soil  by  volcanic  ejections,  and  the  upheaving  of  it  by  forces  acting  from 
below.  The  same  remark  applies  to  a  very  large  proportion  of  modem 
accounts ;  and  how  much  reason  we  have  to  regret  this  deficiency  of  in- 
formation appears  from  this,  that  in  every  instance  where  a  spirit  of  sci- 
entific inquiry  has  animated  the  eye-witnesses  of  these  events,  facts 
calculated  to  throw  light  on  former  modifications  of  the  earth's  structure 
are  recorded. 

Phenomena  attending  earthquakes . — As  I  shall  confine  myself  almost 
entirely,  in  the  following  notice  of  earthquakes,  to  the  changes  brought 
about  by  them  in  the  configuration  of  the  earth's  crust,  I  may  mention, 
generally,  some  accompaniments  of  these  terrible  events  which  are  almost 
uniformly  commemorated  in  history,  that  it  may  be  unnecessary  to  advert 
to  them  again.  Irregularities  in  the  seasons  preceding  or  following  the 
shocks ;  sudden  gusts  of  wind,  interrupted  by  dead  calms ;  violent  rains 
at  unusual  seasons,  or  in  countries  where  such  phenomena  are  almost  un- 
known ;  a  reddening  of  the  sun's  disk,  and  a  haziness  in  tlie  air,  often 
continued  for  months ;  an  evolution  of  electric  matter,  or  of  inflammable 
gM  from  the  soil,  with  sulphureous  and  mephitic  vapours ;  noises  under- 
groond,  like  the  running  of  carriages,  or  the  discharge  of  artillery,  or  dis- 
tant thunder ;  animals  uttering  cries  of  distress,  and  evincing  extraordinary 
alarm,  being  more  sensitive  than  men  of  the  slightest  movement ;  a  sen- 
sation like  sea-sickness,  and  a  dizziness  in  the  head,  experienced  by  men : 
these,  and  other  phenomena,  which  are  still  more  remotely  connected  with 
our  present  subject  as  geologists,  have  recurred  again  and  again  at  dis- 
tant ages,  and  in  all  parts  of  the  globe. 

I  shall  now  begin  the  enumeration  of  earthquakes  with  the  latest  au- 
thentic narratives,  and  so  carry  back  the  survey  retrospectively,  that  I 
may  bring  before  the  reader,  in  the  first  place,  the  minute  and  circum- 
stantial details  of  modern  times,  and  thus  enable  him,  by  observing  the 
extraordinary  amount  of  change  within  the  last  150  years,  to  perceive 
how  great  must  be  the  deficiency  in  the  meagre  annals  of  earlier  eras. 
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XARTHQUAKS8  OF  THS  NINBTEXNTH  CSNTURT.* 

Chili,  1835. — The  latest  earthquake  by  which  the  position  of  solid 
land  is  known  to  have  been  permanently  altered,  is  that  which  occurred 
in  South  America,  on  the  20th  of  February,  1835.  It  was  felt  at  all 
places  between  Copiapo  and  Chiloe,  from  north  to  south,  and  from  Men- 
doza  to  Jaan  Fernandez,  from  east  to  west.  **  Vessels,'*  says  Mr.  Cald- 
cleugh,  **  navigating  the  Pacific,  within  100  miles  of  the  coast,  experienced 
the  shock  with  considerable  force.* 't  Conception,  Talcahuano,  Chilian, 
and  other  towns  were  thrown  down.  From  the  account  of  Captain  Fitz 
Roy,  R.  N.,  who  was  then  employed  in  surveying  the  coast,  we  learn 
that  after  the  shock  tlie  sea  retired  in  the  bay  of  Conception,  and  the 
vessels  grounded,  even  those  which  had  been  lying  in  seven  fathoms 
water ;  M  the  shoals  were  visible,  and  soon  afterwards  a  wave  rushed  in 
and  then  retreated,  and  was  followed  by  two  other  waves.  The  vertical 
height  of  these  waves  does  not  appear  to  have  been  much  greater  than 
from  sixteen  to  twenty  feet,  although  they  rose  to  much  greater  heights 
when  they  broke  upon  a  sloping  beach. 

According  to  Mr.  Caldcleugh,  a  great  number  of  the  volcanos  of  the 
Chilian  Andes  were  in  a  state  of  unusual  activity,  both  during  the  shocks 
and  for  some  time  preceding  and  after  the  convulsion,  and  lava  was  seen 
to  flow  from  the  crater  of  Osorno.  (See  Map.  Fig.  41,  p.  376.)  The  island 
of  Juan  Fernandez,  distant  360  miles  from  Chili,  was  violently  shaken 
at  the  same  time,  and  devastated  by  a  great  wave.  Flames  rose  there 
from  the  sea  about  a  mile  from  the  shore,  and  illumined  the  whole  island 
during  the  night,  although  it  was  afterwards  ascertained  that  there  was  a 
depth  of  sixty-nine  fathoms  water  in  the  spot  where  the  flames  had 
appeared.} 

**  At  Conception,*'  says  Captain  Fitz  Roy,  '*  the  earth  opened  and 
closed  rapidly  in  numerous  places.  The  direction  of  the  cracks  was  not 
uniform,  though  generally  from  south-east  to  north-west  The  earth  was 
not  quiet  for  three  days  afler  the  great  shock,  and  more  than  three  hun- 

*  Since  the  pablication  of  the  first  edition  of  this  work,  numerous  accounts  of 
recent  earthquakes  have  been  published ;  but  as  thej  do  not  illustrate  any  new  prin- 
ciple, I  cannot  insert  them  all,  as  thej  would  enlarge  too  much  the  size  of  mj  work. 
Among  the  most  violent  maj  be  mentioned  those  of  March,  1829,  near  Alieant  in 
Marcia — that  of  Sept.  1827,  at  Lahore,  East  Indies — of  Jan.  15, 1832,  which  destroyed 
Foligno,  in  Italy, — June  24, 1830,  in  China,  in  Tayming,  North  of  Houan — ^March  9, 
1830,  in  the  Caucasus  at  Kislier — April  1833,  ManiUa — 1833,  Isle  of  Lissa  in  Adri- 
atic, and  Opus.  Von  Hoff  has  published,  from  time  to  time,  in  PoggendorTs  Anna- 
len,  lists  of  the  earthquakes  which  have  happened  since  1821 ;  and,  by  consulting 
these,  the  reader  will  perceive  that  every  month  is  signaliied  by  one  or  many  eon- 
Tolsions  in  some  part  of  the  globe. 

t  Phil.  Trans.,  1836,  p.  21.  ji  Ibid.  p.  25. 

Vol.  I.— 2  X 


Ml 


Fig.  49. 


y^i. 


^^Ul^li^Uia***^^  I  •  ■    ■! 


PAJciric 


OCEAN 


37* 


drod  shocks  were  counted  between  the  20th  of  Febraaiy  and  the  4lho( 
March.  The  loose  earth  of  the  Talley  of  the  Biobio  was  ereiywhen 
parted  from  the  solid  rocks  which  bound  the  plain,  there  beuig  an  open- 
ing between  them  from  an  inch  to  a  foot  in  width. 

**  For  some  days  after  the  20th  of  February,  the  sea  at  Talcahuaio,*' 
says  Captain  Fitz  Roy,  **  did  not  rise  to  the  usual  marks  by  four  or  five 
feet  vertically.  When  walking  on  the  shore,  even  at  high  water,  beds  of 
dead  muscles,  numerous  chitons,  and  limpets,  and  withered  sea-weed, 
still  adhering,  though  lifeless,  to  the  rocks  on  which  they  had  lived, 
everywhere  met  the  eye."  But  this  difference  in  the  relative  level  of  the 
land  and  sea  gradually  diminished,  till  in  the  middle  of  April  the  water 
rose  again  to  within  two  feet  of  the  former  high  water  mark.  It  might 
be  supposed  that  these  changes  of  level  merely  indicated  a  temporaiy 
disturbance  in  the  set  of  the  currents  or  in  the  height  of  the  tides  at  Tal- 
cahuano ;  but  on  considering  what  occurred  in  the  neighbouring  island  of 
Santa  Maria,  Captain  Fitz  Roy  concluded  that  the  land  had  been  raised 
four  of  Bre  feet  in  February,  and  that  it  had  returned  in  April  to  within 
two  or  three  feet  of  its  former  level. 

Santa  Maria,  the  island  just  alluded  to,  is  about  seven  miles  long  and 
two  broad,  and  about  twenty-five  miles  south-west  of  Conception.  (Set 
Map,  Fig.  42.)  The  phenomena  observed  tliere  are  moat  important. 
**  It  appeared,"  says  Captain  Fitz  Roy,  who  visited  Santa  Maria  twice, 
the  first  time  at  the  end  of  March,  and  afterwards  in  the  begtmung 
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of  ApriU  **  that  the  8oiUhern.  extremity  of  the  island  had  been  raised  ei^ 
feety  the  middle  nine,  and  the  northern  end  upwards  of  ten,  feet.  On 
steep  rocks,  where  vertical  measures  could  be  correctly  taken,  beds  of 
dead  muscles  were  found  ten  feet  above  high  water  mark.  One  fooi 
lower  than  the  highest  bed  of  muscles,  a  few  limpets  and  chitons  were 
seen  adhering  to  the  rock  where  tliey  had  grown.  Two  feet  Ipwer  than 
the  saoie,  dead  muscles,  chitons,  and  limpets  were  abundant'* 

**  An  extensive  rocky  flat  lies  around  it»  northern  parts  of  Santa  Mwiw 
Before  the  earthquake  this  flat  was  covered  by  the  sea,  soma  projecting 
rocks  only  showing  themselves^  Nowv  the  whole  flat  is  exposed,  and 
square  acres  of  it  are  covered  with  dead  shell-fisli,  the  stench,  arising  frooi 
which  is  abominable.  By  this  elevation  of  tlie  land  the  southern  port  of 
Santa  Maria  has  been  almost  destroyed— little  shelter  remaining  there, 
and  very  bad  landing."  The  surrounding  sea  is  also  stated  to  have 
become  shallower  in  exactly  the  same  proportion  as  the  land  had  risen ; 
the  soundings  having  diminished  a  fathom  and  a-half  everywhere  around 
the  island. 

At  Tubal,  also,  to  the  south-east  of  Santa  Maria,  the  land  was  raised 
six  feet,  at  Mocha  two  feet,  but  no  elevation  could  be  ascertained  at  Val*> 
divia,  northward  of  Conception. 

IschiOf  1828. — On  the  2d  of  February  the  whole  island  of  Isohia  was* 
ihaken  by  an  earthquake,  and  in  the  October  following  I  found  all  the 
houses  in  Casamicciol  still  without  their  roofs.  On  the  sides  of  a  ravine 
between  that  town  and  Forio,  I  saw  masses  of  greenish  tuff,  which  had 
been  thrown  down.  Tiie  hot-spring  of  Rita,  which  was  nearest  the  cen- 
tre of  the  movement,  was  ascertained  by  M.  Covelli  to  have  increased  ia 
temperature,  showing,  as  he  observes,  that  the  explosion  took  place  below 
the  reservoirs  which  heat  the  thermal  waters.* 

Bogota^  1827. — On  the  16th  of  November,  1827,  the  plain  of  Bogota 
was  convulsed  by  an  earthquake,  and  a  great  number  of  towns  were  thrown 
lown.  Torrents  of  rain  swelled  the  Magdalena,  sweeping  along  vast, 
quantities  of  mud  and  other  substances,  which  emitted  a  sulphureous 
rapour  and  destroyed  the  fish.  Fopayan,  which  is  distant  two  hundred 
^ographical  miles  S.  S.  W.  of  Bogota,  suffered  greatly.  Wide  crevices 
ippeared  in  the  road  of  Guanacas,  leaving  no  doubt  that  the  whole  of  the 
Dordilleras  sustained  a  powerful  shock.  Other  fissures  opened  near 
Dosta,  in  the  plains  of  Bogota,  into  which  the  river  Tunza  immediately 
>egan  to  flow.f  It  is  worthy  of  remark,  that  in  all  such  cases  the  ancient 
^vel  bed  of  a  river  is  deserted,  and  a  new  one  formed  at  a  lower  level; 
K)  that  a  want  of  relation  in  the  position  of  alluvial  beds  to  the  existing 
watercourses  may  be  no  test  of  the  high  antiquity  of  such  deposits,  at 
east  ia  countries  habitually  convulsed  by  earthquakes.    Extraordinary 

*  Bibiioth.  Univ.,  Oct  1828,  p.  157. ;  and  F^nurac,  BnlletiB,  Ac,,  tome  zi.  p.  237. 
t  PhU.  Mag.,  July,  1828,  p.  37. 
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nint  ieeompanied  ihe  ihocks  before  mentioiied ;  and  two  iraieaiios  ■• 
■aid  to  have  been  in  eruption  in  the  mcinntain-chain  nearaat  to  Bogola; 

CMR,  1628.— On  the  10th  of  NoTembert  1829,  the  eoaetof  ChiH«M 
Tiaitedlqr  a  most  deatmctiTe  earthquake.  The  ahoek  was  fidt  ainri^ 
taneooal  J  throogfaoat  a  apace  of  1200  milea  from  north  to  eoath.  9l 
Jago,  Yalparaiao,  and  aome  other  places,  were  greadj  injnved.  Wka 
the  district  round  Valparaiso  was  examined  on  the  morning  sAer  Ai 
ahoek,  it  was  found  that  the  whole  line  of  coast,  for  the  distaneo  of  abew 
one  hundred  miles,  was  raised  aboTO  its  former  level,*  At  TalpanNi 
the  elevation  was  three  feet,  and  at  Qnintero  aboat  four  feat.  FM  of  Ai 
bed  of  the  sea,  aays  Mrs.  Graham,  remained  bare  and  dry  at.  Ugh  waUfi 
**  with  beds  of  oysters,  muscles,  and  other  ahells,  adhering  to  the  rocks  aa 
which  the  J  grew,  the  fish  being  all  dead,  and  exhaling,  jnoot '< 
effluvia.''t 

An  old  wreck  of  a  ship,  which  before  could  not  be  approadwdb 
accesffible  from  the  land,  although  ita  distance  from  the  original 
had  not  altered.^  It  was  observed,  that  die  water-courae  of  a  mill,  at  III 
distance  of  about  a  mile  from  the  aea;  gained  a  fall  of  fonrteen  inehea,  ia 
little  more  than  one  hundred  jards ;  and  from  this  fact  it  is  inferied  dni 
the  rise  in  aome  parte  of  the  inland  country  waa  far  more  oonaldeniili 
than  on  the  bordera  of  the  ocean.§  Part  of  the  eoaat  thna  .elevated  eoo- 
aiated  of  granite,  in  which  parallel  fissures  were  eanied^  soafteof  wkkk 
were  traced  for  a  mile  and  a-half  inland.  Cones  of  earth,  about,  fiiar  fNt 
high,  were  thrown  up  in  several  diatricta,  by  the  forcing  up  of  waftar 
mixed  with  aand  through  funnel-shaped  hollows, — a  phenomenon  very 
common  in  Calabria,  and  the  explanation  of  which  will  hereafter  be  con- 
sidered. Those  houses  in  Chili  of  which  the  foundations  were  on  ntk 
were  less  damaged  than  such  aa  were  built  on  alluvial  aoil. 

Mr.  Cruckshanks,  an  English  botanist,  who  resided  in  the  countiy 
during  the  earthquake,  has  informed  me  that  some  rocks  of  greenstone  at 
Quintero,  a  few  hundred  yards  from  the  beach,  which  had  alwaya  been 
under  water  till  the  shock  of  1822,  have  since  been  uncovered  when  the 
tide  is  at  half-ebb ;  and  he  states  that,  after  the  earthquake,  it  was  the 
general  belief  of  the  fishermen  and  inhabitants  of  the  Chilian  coaat,  noi 
that  the  land  had  risen,  but  that  the  ocean  had  permanently  retreated* 

Dr.  Meyen,  a  Prussian  traveller,  who  visited  Valparaiso  in  1831,  says 
that  on  examining  the  rocks  both  north  and  south  of  the  town,  nine  yeais 
after  the  event,  he  found  in  corroboration  of  Mra.  Graham's  account,  that 
remains  of  animals  and  sea-weed,  the  LenBonia  of  Bory  de  St.  Vincent, 
which  has  a  firm  ligneous  stem,  still  adhered  to  ^thoae  rocks  which  in 

*  See  Geol.  Trans.,  yol.  i.,  second  series;  and  also  Joom.  of  8ci.,  18SM,  foL 
zTii.  p.  40. 
t  Geol.  Trans.,  vol.  i.,  second  series,  p.  416.  %  Ibid. 

§  Joom.  of  8ci.,  vol.  zrii.  p.  43. 
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1822  had  been  elevated  above  high-water  mark.*  According  to  the  same 
aalhor,  the  whole  coast  of  central  Chili  was  raised  about  four  feet,  and 
bulks  of  marine  shells  were  laid  dry  on  many  parts  of  the  coast.  He 
observed  similar  banks,  elevated  at  unknown  periods,  in  several  places, 
especially  at  Copiapo,  where  the  species  all  agree  with  those  now  living 
in  the  ocean.  Mr.  Freyer  also,  who  resided  some  years  in  South  Ame- 
rica, has  confirmed  these  statements;!  but  Mr.  Cuming,  a  gentleman 
well  known  by  his  numerous  discoveries  Ih  conchology,  and  who  resided 
at  Valparaiso  during  and  ailer  the  earthquake,  could  detect  no  proofs  of 
the  rise  of  the  land,  nor  any  signs  of  a  change  of  level.  On  the  contrary, 
he  remarked*  that  the  water  at  spring-tides  rose  after  the  earthquake  to 
the  same  point,  on  a  wall  near  his  house,  which  it  had  reached  before  the 
shocks.  The  opinions  of  this  gentleman  well  deserve  attention  from 
those  who  may  have  opportunities  of  minutely  investigating  the  Chilian 
coast;  but  after  considering  his  objections  to  Mrs.  Graham's  account, 
even  before  the  late  convulsion,  I  felt  satisfied  with  the  proofs  of  elevation 
in  1822.  Had  I  still  cherished  any  scepticism,  it  would  have  been  re- 
moved by  the  coincidence  of  the  facts  related  by  Captain  Fitz  Roy ;  a 
shaving  occurred  in  1835,  thirteen  years  afterwards,  in  another  part  of 
the  same  country .j: 

Extent  of  country  elevaUd.-^The  area  over  which  this  permanent 
alteration  of  level  is  conjectured  to  have  extended,  in  1822,  is  100,000 
square  miles.§  The  whole  country,  from  the  foot  of  the  Andes  to  a  great 
dtstanee  under  the  sea,  is  supposed  to  have  been  raised,  the  greatest  rise 
being  at  the  distance  of  about  two  miles  from  the  shore.  **  The  rise  upon 
the  coast  was  from  two  to  four  feet: — at  the  distance  of  a  mile  inland  it 
most  have  been  from  five  to  six,  or  seven  feet."D  The  soundings  in  the 
harbour  of  Valparaiso  have  been  materially  changed  by  this  shock,  and 
the  bottom  has  become  shallower.  'i*he  shocks  continued  up  to  the  end 
of  September,  1823;  even  then,  forty-eight  hours  seldom  passed  without 
one,  and  sometimes  two  or  three  were  felt  during  twenty-four  hours.  Mrs. 
Graham  observed,  after  the  earthquake  of  1822,  that,  besides  the  beach 
newly  raised  above  high-water  mark,  there  were  several  older  elevated 
lines  of  beach  one  above  the  other,  consisting  of  shingle  mixed  with 
shells,  extending  in  a  parallel  direction  to  the  shore,  to  the  height  of  fifty 
feet  above  the  sea.^ 

In  order  to  give  some  idea  of  the  enormous  amount  of  change  which 
this  single  convulsion  may  have  occasioned,  let  us  assume  that  the  extent 
of  country  moved  was  correctly  estimated  at  100,000  square  miles, — an 

*  Reise  nm  die  erde ;  and  see  Dr.  Mejen's  letter  cited  Foreign  Quart.  Rev.  No. 
33.  p.  13.,  1836. 

t  Geol.  Soc.  Proceedings,  No.  40.  p.  179.,  Feb.  1835. 

t  Cuming,  Geol.  Proceedings,  No.  42.  p.  213. 

§  Joum.  of  Sci.,  vol.  zvii.  ||  Ibid.,  pp.  40.  45* 

If  Greol.  Trans.,  vol.  i.,  second  series,  p.  415. 
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extent  just  equal  to  half  the  area  of  FrancOi  or  about  five-siztlM  of  Iki 
area  of  Great  Britain  and  Ireland.    If  we  auppoae  the  eleralion  to  kilt 
been  only  three  feet  on  an  average,  it  will  be  seen  that  the  maM  of  wmk 
added  to  the  continent  of  America  by  the  movement,  or,  in  other  wofdi^ 
the  maaa  previously  below   the  level  of  the  sea,  and  after  the  eboeb 
permanently  above  it,  must  have  contained  fifiy-sevencubiemileeiii  balk; 
which  would  be  sufficient  to  form  a  conical  moantain  two  mile«  high  (or 
about  as  high  as  Etna),  with  a  aircamference  at  the  baae  of  nearly  thiitj^ 
three  miles.     We  may  take  the  mean  specific  gravity  of  the  rock  4 
2.655, — a  fair  average,  and  a  convenient  one  in  such  oompatationii 
because  at  such  a  rate  a  cubic  yard  weighs  two  tons.     Then,  Msoniiy 
the  great  Pyramid  of  Egypt,  if  solid,  to  weigh,  in  accordance  with  u 
estimate  before  given,  six  million  tons,  we  may  state  the  roek  a4ded  tt 
the  continent  by  the  Chilian  earthquake  to  have  more  than  equalled 
100,000  pyramids. 

But  it  must  always  be  borne  in  mind  that  the  weight  of  roek  hen 
alluded  to  constituted  but  an  insignificant  part  of  the  whole  amount  whkh 
the  volcanic  forces  had  to  overcome.  The  whole  thickness  of  rock 
between  the  surface  of  Chili  and  the  subterranean  foci  of  volcanic 
action,  may  be  many  miles  or  leagues  deep.  Say  that  the  thickness  wai 
only  two  miles,  even  then  the  mass  which  changed  place  and  rose  three 
feet,  being  200,000  cubic  miles  in  volume,  must  have  exceeded  in  weight 
363  million  pyramids. 

It  may  be  useful  to  consider  these  results  in  connexion  with  othcn 
already  obtained  from  a  different  source,  and  to  compare  the  working  of 
two  antagonist  forces — the  levelling  power  of  running  water,  and  the  ex- 
pansive energy  of  subterranean  heat.  How  long,  it  may  be  asked,  wonld 
the  Ganges  require,  according  to  data  before  explained,  to  transport  to 
the  sea  a  quantity  of  solid  matter  equal  to  that  added  to  the  land  by  the 
Chilian  earthquake  ?  The  discharge  of  mud  in  one  year  by  the  Ganges 
equalled  the  weight  of  sixty  pyramids.  In  that  case  it  would  require 
seventeen  centuries  and  a  half  befi)re  the  river  could  bear  down  from  the 
continent  into  the  sea  a  mass  equal  to  that  gained  by  the  Chilian  earth- 
quake. In  about  half  that  number  of  centuries,  perhaps,  the  united 
waters  of  the  Ganges  and  Burrampooter  might  accomplish  the  opera- 
tion. 

Aleppo,  1822. — Ionian  Isles,  1820. — When  Aleppo  was  destroyed  by 
an  earthquake  in  1822,  two  rocks  are  reported  to  have  risen  from  the  sea 
near  the  island  of  Cyprus  ;*  and  a  new  rocky  island  was  observed  in 
1820  not  far  from  the  coast  of  Santa  Maura,  one  of  the  Ionian  Islands, 
after  violent  earlhquakes.t 

Cutch,  1819. — A  violent  earthquake  occurred  at  Cutch,  in  the  delta  of 
the  Indus,  June  16,  1819.    (See  annexed  Map,  Plate  V.)     The  principal 

•  Journ.  of  Sci.,  vol.  xiv.  p.  450.  t  Von  Hoff,  vol.  iL  p.  180. 
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vwDt  Bboojy  was  converted  into  a  heap  of  ruins,  and  its  stone  baildings 
rtie  thrown  down.  The  shock  extended  to  Ahmedabad,  where  it  was 
«fy  d«6truciive;  and  at  Poonah,  four  hundred  miles  farther,  it  was  fee- 
ly  ielt«  At  the  former  city,  the  great  mosque  erected  by  Sultan  Ahmed 
learly  450  years  before,  fell  to  the  ground,  attesting  how  long  a  period 
lad  elapsed  since  a  shock  of  similar  violence  had  visted  that  point.  At 
Ui|«r,  the  fort,  with  its  tower  and  guns,  were  hurled  to  the  ground  in  one 
iommon  mass  of  ruin.  The  shocks  continued  some  days  until  the  20th ; 
then,  iblrty  miles  north-west  from  Bhooj,  the  volcano  called  Denodur 
s  (Mid  In  have  burst  out  in  eruption,  and  the  convulsions  ceased. 

Subnitnioe  in  the  Delta  of  the  /niftM.— Although  the  ruin  of  towns  was 
freat,  the  face  of  nature  in  the  inland  country,  says  Captain  Macmurdo, 
wm  not  visibly  altered.  In  the  hills  some  large  masses  only  of  rock  and 
loii  were  detatihed  from  the  precipices;  but  the  eastern  and  almost 
leserted  channel  of  the  Indus,  which  bounds  the  province  of  Cutch,  was 
[natly  changed.  The  estuary,  or  inlet  of  the  sea,  was,  before  the  earth- 
leeke,  fordable  at  Luckput,  being  only  about  a  foot  deep  when  the  tide 
ftm  at  ebb,  and  at  flood  tide  never  more  than  six  feet ;  but  it  was  deep- 
ned  at  the  fort  of  Luckput,  after  the  shock,  to  more  than  eighteen  feet  at 
^W'WeUer.^  On  sounding  other  parts  of  the  channel,  it  was  found,  that 
riiere  previously  the  deptli  of  the  water  at  flood  never  exceeded  one  or 
two  feet,  it  had  become  from  four  to  ton  feet  deep.  By  these  and  other 
remarkable  changes  of  level,  a  part  of  the  inland  navigation  of  that  coun- 
ty, which  had  been  closed  for  centuries,  become  again  practicable. 

Fort  and  viUage  eubmergedA'^The  fort  and  village  of  Sindree,  on  the 
eastern  arm  of  the  Indus,  above  Luckput,  are  stated  by  the  same  writer  to 
Mve  been  overflowed ;  and,  after  the  shock,  the  tops  of  the  houses  and 
rail  were  alone  to  be  seen  above  the  water,  for  the  houses,  although  sub- 
merged, were  not  cast  down.  Had  they  been  situated,  therefore,  in  the 
Interior,  where  so  many  forts  were  levelled  to  the  ground,  their  site 
would,  perhaps,  have  been  regarded  as  having  remained  comparatively 
unmoved.  Hence  we  may  suspect  that  great  permanent  upheavings  aud 
lepressions  of  soil  may  be  the  result  of  earthquakes,  without  the  inhabi- 
tants being  in  the  least  degree  conscious  of  any  change  of  level. 

A  more  recent  survey  of  Cutch  by  Capt.  A.  Burnes,  who  was  not  in 
sommunication  with  Capt.  Macmurdo,  confirms  the  facts  above  enume- 
rated, and  adds  many  important  details^  That  officer  examined  the 
Selta  of  the  Indus  in  1826  and  1828,  and  from  his  account  it  appears  that, 


*  Macmurdo,  Ed.  Phil.  Journ.,  vol.  iv.  p.  106. 

1  I  am  indebted  to  Captain  Burnes  for  the  accompanyin|f  engnving  (PI.  VI.)  of 
the  Fort  of  Sindree,  as  it  appeared  eleven  yean  before  the  earthquake. 
■  t  This  Memoir  is  now  in  the  Librmry  of  the  Royal  Asiatic  Society  of  London. 
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when  Sindree  subsided,  in  June,  1J819,  the  sea  flowed  in  by  the  eastern 
mouth  of  the  Indus,  and  in  a  few  hours  converted  a  tract  of  land,  8000 
square  miles  in  area,  into  an  inland  sea,  or  lagoon.  Neither  the  rash  of 
the  sea  into  this  new  depression,  nor  the  movement  of  the  earthquake, 
threw  down  entirely  the  small  fort  of  Sindree,  one  of  the  foar  towers,  the 
north  western  still  continuing  to  stand ;  and  the  day  aAer  the  earthquake, 
the  inhabitants,  who  had  ascended  to  the  top  of  this  tower,  saved  them- 
selves in  boats.* 

Elevation  of  the  UUah  ^tincf.— 'Immediately  aAer  the  shock,  the 
inhabitants  of  Sindree  saw,  at  the  distance  of  five  miles  and  •4idf  from 
their  village,  a  long  elevated  mound,  where  previously  there  had  been  a 
low  and  perfectly  level  plain.  (See  Map,  PI.  V.)  To  this  uplifUd  traet 
they  gave  the  name  of  "  Ullah  Bund,*'  or  the  "  Mound  of  God,"  to  dii- 
tinguish  it  from  several  artificial  dams  previously  thrown  across  the 
eastern  arm  of  the  Indus. 

Extent  of  country  raised. — It  has  been  already  ascertained  that  thii 
new-raised  country  is  upwards  of  fifty  miles  in  length  from  east  to  west, 
running  parallel  to  that  line  of  subsidence  before  mentioned  which  cansed 
the  grounds  around  Sindree  to  be  flooded.  The  range  of  this  elevatioo 
extends  from  Puchum  Island  towards  Gharee  ;  iui  breadth  from  north  to 
south  13  conjectured  to  be  in  some  parts  sixteen  miles^  and  its  greateit 
ascertained  height  above  the  original  level  of  the  delta  is  ten  feet, — ai 
elevation  which  appears  to  the  eye  to  be  very  uniform  throughout. 

For  several  years  after  the  convulsion  of  1819,  the  course  of  the 
Indus  was  very  unsettled,  and  at  length,  in  1826,  the  river  threw  a  vail 
body  of  water  into  its  eastern  arm,  that  called  the  Fhurraun,  above 
Sindc ;  and  forcing  its  way  in  a  more  direct  course  to  the  sea,  burst 
through  all  the  artificial  dams  which  had  been  thrown  across  its  channel, 
and  at  length  cut  right  through  the  '*  Ullah  Bund,"  whereby  a  natural 
section  was  obtained.  In  the  perpendicular  cliffs  thus  laid  open,  Captaio 
Burnes  found  that  the  upraised  lands  consisted  of  clay  filled  with  shells. 
The  new  channel  of  the  river  where  it  intersected  the  '*  bund"  was 
eighteen  feet  deep,  and  during  the  swells  in  1826  it  was  two  or  three 
hundred  yards  in  width  ;  but  in  1828  the  channel  was  still  further 
enlarged.  The  Indus,  when  it  first  opened  this  new  passage,  threw  such 
a  body  of  water  into  the  new  meer,  or  salt  lagoon,  of  Sindree,  that  it 
became  fresh  for  many  months  ;  but  it  had  recovered  its  saltness  in  1828, 
when  the  supply  of  river  water  was  less  copious,  and  finally  it  became 
more  salt  than  the  sea,  in  consequence,  as  the  natives  suggested  to  Cap- 
tain Burnes,  of  the  saline  particles  with  which  the  **  Runn  of  Cutch"  is 
impregnated. 

*  I  have  been  enabled,  from  personal  communication  with  Captain  Bumes,  to  aM 
several  particulars  to  my  former  account  of  this  earthquake. 
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In  1828  Captain  Bnrnes  went  in  a  boat  to  the  rains  of  Sindree,  wh^re 
ft  single  remaining  tower  was  seen  in  the  midst  of  a  wide  expanse  of  sea. 
The  tops  of  the  ruined  walls  still  rose  two  or  three  feet  above  the  level 
of  the  water ;  and  standing  on  one  of  these,  he  could  behold  nothing  in 
the  horizon  but  water,  except  in  one  direction,  where  a  blue  streak  of 
Und  to  the  north  indicated  the  UUah  Bund.  This  scene  presents  to  the 
imagination  a  lively  picture  of  the  revolutions  now  in  pr0|nress  on  the 
earth — a  waste  of  waters  where  a  few  years  before  all  wailftlid,  and  the 
only  land  visible  consisting  of  ground  uplifted  by  a  recent  earthquake. 

The  Ronn  of  Cutch,  above  alluded  to,  is  a  flat  region  of  a  very  peculiar 
character,  and  no  less  than  7000  square  miles  in  area ;  a  greater  superfi- 
cial extent  than  Yorkshire,  or  about  one-fourth  the  area  of  Ireland.  It  is 
not  a  desert  of  moving  sand,  nor  a  marsh,  but  evidently  the  dried-up  bed 
of  an  inland  sea,  which  for  a  great  part  of  every  year  has  a  hard  and  dry 
bottom  uncovered  by  weeds  or  grass,  and  only  supporting  here  and  there 
i  few  tamarisks.  But  during  the  monsoons,  when  the  sea  runs  high,  the 
•alt  water  driven  up  from  the  Gulf  of  Cutch  and  the  creeks  at  Luck  put 
overflows  a  large  part  of  the  Runn,  especially  after  rains,  when  the 
soaked  ground  permits  the  sea-water  to  spread  rapidly.  The  Runn  is  also 
liable  to  be  overflowed  occasionally  in  some  parts  by  river- water  ;  and  it 
\m  remarkable  that  the  only  portion  which  was  ever  highly  cultivated 
(that  anciently  csilled  Sayra)  is  now  permanently  submerged.  The  sur- 
face of  the  Runn  is  sometimes  encrasted  with  salt  about  an  inch  in  depth, 
in  consequence  of  the  evaporation  of  the  sea- water.  Islands  rise  up  in 
tome  parts  of  the  waste,  and  the  boundary  lines  form  bays  and  promon- 
tories. 

The  natives  have  a  tradition  that,  about  three  centuries  ago,  the  coun- 
tries of  Cutch  and  Sinde  were  separated  by  the  sea,  thus  giving  rise  to 
the  district  called  the  Runn.  Towns  far  inland  are  still  pointed  out  as 
having  once  been  ancient  ports  ;  and  it  is  said  that  ships  were  wrecked 
and  engulfed  by  the  great  catastrophe.  In  confirmation  of  this  account 
it  was  observed,  in  1819,  that,  in  the  jets  of  black  muddy  water  thrown 
OQt  of  fissures  in  that  region,  there  were  cast  up  numerous  pieces  of 
wrought  iron  and  ship-nails.*  Cones  of  sand  six  or  eight  feet  in  height 
are  said  to  have  been  thrown  np  on  these  lands.t 

We  must  not  conclude  without  alluding  to  a  moral  phenomenon  con- 
nected with  this  tremendous  catastrophe,  which  we  regard  as  highly 
deserving  the  attention  of  geologists.  It  is  stated  by  Captain  Burnes,  that 
'*  these  wonderful  events  passed  unheeded  by  the  inhabitants  of  Cutch  ;'* 
for  the  region  convulsed,  though  once  fertile,  had  for  a  long  period  been 
redaced  to  sterility  by  want  of  irrigation,  so  that  the  natives  were  indiflfer^ 
Bnt  as  to  its  fate.     Now  it  is  to  this  profound  apathy  which  all  but 

*  Cftptain  Banies*8  Account. 

t  Capt.  Macmurdo'i  Memoir,  Ed.  Phil.  Jonm.,  vol.  iv.  p.  106. 
Vol.  I.— 2  Y 
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hiibly  cbrilixed  4i&tiQiui  Xeel*  ia  regard  to  physical  events  not  having  tn 
immediate  iofluence  on  their  worldly  fortunes,  that  we  must  ascribe  the 
extraordinary  dearth  of  historical  information  concerning  changes  of  tba 
earth's  surface,  which  modern  observations  show  to  be  by  no  means  of 
fare  occurrence  in  the  ordinary  course  of  nature. 

To  the  east  of  the  line  of  this  earthquake  lies  Oojain  (called  Ozene  in 
the  PffrypltiM  Maris  Erythr.)  Ruins  of  an  ancient  city  are  there  foand, 
a  mile  north  of  the  present,  buried  in  the  earth  to  the  depth  of  from  fif- 
teen  to  sixteen  feet,  which  inhumation  is  known  to  have  been  the  eoose- 
quence  of  a  tremendous  catastrophe  in  the  time  of  the  Rajah  liScnsM- 
ditya.* 

Island  of  Sumbawa^  1815.-*In  April,  1815,  one  of  the  most  ffightfol 
eruptions  recorded  in  history  occurred  in  the  mountain  Tomboro,  in  the 
island  of  Sumbawa.  It  began  on  the  5th  of  April,  and  was  most  violent 
on  the  11th  and  12th,  and  did  not  entirely  cease  till  July.  The  sound  of 
the  explosions  was  heard  in  Sumatra,  at  the  distance  of  970  geograplusil 
n^iles  in  a  direct  line ;  and  at  Temate,  in  an  opposite  direction,  at  the 
distance  of  720  miles.  Out  of  a  population  of  twelve  thonsandt  only 
twenty- six  individuals  survived  on  the  island.  Violent  whirlwinds  ca^ 
ried  up  men,  horses,  cattle,  and  whatever  else  came  within  their  infloeaffb 
into  the  air,  tore  up  the  largest  trees  by  the  roots,  and  covered  the  whole 
sea  with  floating  timber.!  Great  tracts  of  land  were  covered  by  lata, 
several  streams  of  which,  issuing  from  the  crater  of  the  Tomboro  mono- 
tain,  reached  the  sea.  So  heavy  was  tlie  fall  of  ashes,  that  they  broke 
into  the  Resident's  house  at  Bima,  forty  miles  east  of  the  volcano,  sod 
rendered  it,  as  well  as  many  other  dwellings  in  the  town,  uninhabitable. 
On  the  side  of  Java  the  ashes  were  carried  to  the  distance  of  300  miles, 
and  217  towards  Celebes,  in  sufficient  quantity  to  darken  the  air.  The 
floating  cinders  to  the  westward  of  Sumatra  formed,  on  the  I2th  of  April, 
a  mass  two  feet  thick,  and  several  miles  in  extent,  through  which  ships 
with  difficulty  forced  their  way. 

The  darkness  occasioned  in  the  daytime  by  the  ashes  in  Java  was  so 
profound,  that  nothing  equal  to  it  was  ever  witnessed  in  the  darkest  night. 
Although  this  volcanic  dust  when  it  fell  was  an  impalpable  powder,  it 
was  of  considerable  weight  when  compressed,  a  pint  of  it  weighing  twelve 
ounces  and  three-quarters.  Along  the  sea  coast  of  Sumbawa,  and  the 
adjacent  isles,  the  sea  rose  suddenly  to  the  height  of  from  two  to  twelve 
feet,  a  great  wave  rushing  up  the  estuaries,  and  tlien  suddenly  subsiding. 
Although  the  wind  at  Bima  was  still  during  the  whole  time,  the  sea  rolled 
in  upon  the  shore,  and  fllled  the  lower  parts  of  the  houses  with  water  s 
foot  deep.  Every  prow  and  boat  was  forced  from  the  anchorage,  and 
driven  on  shore. 

*  Von  Hoff,  vol.  ii.  p.  454.;  for  further  particulars,  see  book  iii.  chap.  xiv. 
t  Raffle'i  Java,  toI.  i.  p.  28. 
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The  toim  called  Tomboro,  on  the  west  side  of  the  Yoldino  of  Stim- 
bftwa,  was  overflowed  by  the  sea,  which  encroached  upon  the  lihore  so 
that  the  water  remained  permanently  eighteen  feet  deep  in  places  wbere 
there  was  land  before.  Here  we  may  observe,  that  the  amount  of  sub* 
sidence  of  land  was  apparent,  in  spite  of  the  ashes,  which  would  naturalljr 
have  caused  the  limits  of  the  coast  to  be  extended. 

The  area  over  which  tremulous  noises  and  other  volcanic  effects  ex- 
tended, was  one  thousand  English  miles  in  circumflsrenCe,  including  the 
whole  of  the  Molucca  Islands,  Java,  a  considerable  portion  of  Celebes, 
Sumatra,  and  Borneo.  In  the  island  of  Amboyna,  in  the  same 'month  and 
year,  the  ground  opened,  threw  out  water,  and  then  closed  again.* 

In  conclusion,  I  may  remind  the  reader,  that  but  for  the  accidental  pre^ 
■ence  of  Sir  Stamford  Rafiles,  then  governor  of  Java,  we  should  scarcely 
have  heard  in  Europe  of  this  tremendous  catastrophe.  He  required  all 
the  residents  in  the  various  districts  under  his  authority  to  send  in  a  state- 
ment of  the  circumstances  which  occurred  within  their  own  knowledge ; 
but,  valuable  aA  were  their  communications,  they  are  often  calculated  to 
azeite  rather  than  to  satisfy  the  curiosity  of  the  geologist.  They  men- 
tion, that  similar  eflects,  though  in  a  less  degree,  had,  about  seven  yearsr 
before,  accompanied  an  eruption  of  Carang  Ass|im,  a  volcano  in  the  island 
of  Bali,  west  of  Sumatra ;  but  no  particulars  of  that  great  catastrophe  are 
recorded  .t 

CaraecaSj  1812. — On  the  20th  of  March,  1812,  several  violent  shocks 
of  an  earthquake  were  felt  in  Caraccas.  The  surface  undulated  like  a 
boiling  liquid,  and  terrific  sounds  were  heard  underground.  The  whdle 
city  with  its  splendid  churches  was  in  an  instant  a  heap  of  ruins,  under 
iHiich  ten  thousand  of  the  inhabitants  were  buried.  On  the  5th  of  April, 
enormous  rocks  were  detached  from  the  mountains.  It  was  believed  that 
the  mountain  Silla  lost  from  300  to  300  feet  of  its  height  by  subsidence ; 
bot  this  was  an  opinion  not  founded  on  any  measurement.  On  the  27th 
of  April,  a  volcano  in  St.  Vincent's  threw  out  ashes  ;  and  on  the  30th, 
lava  flowed  from  its  crater  into  the  sea,  while  its  explosions  were  heard 
at  a  distance  equal  to  that  between  Vesuvius  and  Switzerland,  the  sound 
being  transmitted,  as  Humboldt  supposes,  through  the  ground.  During 
the  earthquake  which  destroyed  Caraccas,  an  immense  quantity  of  water 
was  thrown  out  at  Valecillo,  near  Valencia,  as  also  at  Porto  Cabello, 
through  openings  in  the  earth;  and  in  the  Lake  Maracaybo  the  water 
rank.  Humboldt  observed  that  the  Cordilleras,  composed  of  gneiss  and 
mica  slate,  and  the  country  immediately  at  their  foot,  were  more  violently 
shaken  than  the  plains.:^ 

*  Rafflei'i  Hist  of  Java,  vol.  i.  p.  25.— Ed.  Phil.  Joum.,  vol.  iii.  p.  389. 
t  Lift  and  Service!  of  Sir  Stamford  Raffias,  p.  841.    Londbn,  1830. 
t  Hamboldt*!  Pen.  Nar.,  vol.  iv.  p.  12;  and  Ed.  Phil.  Joiiiii.,  vol.  i.  p.  97SI, 
1819. 
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.  ,Sauih  CaroHna^  1811.— Aino  JUuIriJ.^— PraTiooi  to  the  destnietionof 
lift  Quay raaod  Caraccast  in  I8I29  South  Cjarolina  wai  eoDmlaed  bj 
aarihquakes ;  aod  the  ahocka  continued  till  thoaa  citiea  wero  deatiojed. 
The  Talley  alao  of  the  Miaaiaaippi,  from  the  Tilla|^  of  New  Madrid  to  ths 
mouth  of  the  Ohio  in  one  direciiony  and  to  the  St.  Francia  in  aQolher*  wm 
convulaed  to  auch  a  degree  aa  to  create  lakea  and  ialanda.  Flint,  the 
ge<^prapher,  who  viaited  the  country  aoTen  yeara  after  the  event,  infimM 
na,  tha^  a  tract  of  many  miiea  in  extent,  near  the  Litde  Prairie,  beeaaa 
coTcred  with  water  three  or  four  feet  deep ;  and  when  the  water  dinp- 
peered,  a  almtum  of  aand  waa  left  in  ita  place.  Large  lakea  ef  twen^ 
milea  in  extent  were  formed  in  the  courae  of  an  hour,  and  otheie  wen 
drained.  The  grave-yard  at  New  Madrid  waa  preeipiteted  into  the  bed 
of  the  Miaaiaaippi ;  and  it  ia  atated  that  the  ground  whereon  the  towa  ii 
built,  and  the  river  bank  for  fifteen  milea  abojve,  aank  eight  feet  bdew 
their  former  level.*  The  neighbouring  foreat  preaented  for  aome  yftn 
after warda  **  a  aingular  acene  of  confuaion ;  the  treea  atanding  iaelined  ia 
every  direction,  and  many  having  their  tninka  and  branchea  broken.**! 

The  inhabitanta  relate  that  the  earth  roae  in  great  undulatioiia ;  aad 
when  thea^  reached  a  certain  fearful  height,  the  aoil  buret,  and  vart 
▼olumea  of  water,  aand,  and  pit^^  were  diaeharged  aa  high  aa  the  lopi 
of  the  treea.  Flint  aaw  hundreds  of  theae  deep  ehaama  remaining  ia  aa 
alluvial  soil,  aeven  yeara  after.  The  people  in  the  country,  although  ia* 
experienced  in  auch  convulaiona,  had  remarked  that  the  ehaama  in  tbt 
earth  were  in  a  direction  from  S.  W.  to  N.  E. ;  and  they  aocordinglj 
felled  the  tallest  trees ;  and  laying  them  at  right  anglea  to  the  chaami, 
atationed  themselves  upon  them.  By  this  invention,  when  chaams 
opened  more  than  once  under  these  trees,  several  persons  were  preventsd 
from  being  swallowed  up4  At  one  period  during  this  eartliquake,  the 
ground  not  far  below  New  Madrid  awelled  up  so  as  to  arrest  the  Missis- 
sippi in  its  course,  and  to  cause  a  temporary  reflux  of  ita  wavea.  The 
motion  of  some  of  the  shocks  was  horizontal,  and  of  others  perpendicular; 
and  the  vertical  movement,  is  said  to  have  been  much  less  desolating  than 
the  horizontal.  If  this  be  often  the  case,  those  shocks  which  injure  cities 
least  may  produce  the  greatest  alteration  of  level. 

Aleutian  Islands^  1806. — In  the  year  1806,  a  new  island,  in  the  form 
of  a  peak,  with  some  low  conical  hills  upon  it,  rose  from  the  sea  among 
the  Aleutian  Islands,  east  of  Kamtschatka.  According  to  Langsdorf,^ 
It  was  four  geographical  miles  in  circumference ;  and  Von  Buch  infers, 
from  its  magnitude,  and  from  its  not  having  again  subsided  below  the 
level  of  the  sea,  that  it  did  not  consist  merely  of  ejected  matter,  but  of  a 

•  Cramer's  Navigator,  p.  243.    Pitttburgh,  1821. 

t  Long*8  Ezped.  to  the  Rocky  Mountaixi8,  ill.  p.  184. 

X  Sillimao'f  Joorn.,  Jan.  1829. 

$  Bemarkimgen  auf  einer  Raiie  am  die  Welt.,  bd.  ii.  ■.  909. 
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solid  rock  of  trachyte  upheaved.*  Another  extraordinary  eruption  hap- 
pened in  the  spring  of  tlie  year  1814,  in  the  sea  near  Unalaschka,  in  the 
same  archipelago.  A  new  isle  was  then  produced  of  considerable  size, 
and  with  a  peak  three  thousand  feet  high,  which  remained  standing  for  a 
year  afterwards,  though  with  somewhat  diminished  height. 

Although  it  is  not  improbable  that  earthquakes  accompanying  these 
tremendous  eruptions  may  have  heaved  up  part  of  the  bed  of  the  sea,  yet 
the  circumstance  of  the  islands  not  having  disappeared  like  Sabrina  (see 
p.  352.)  may  have  arisen  from  the  emission  of  lava.  If  JoruUo,  for  ex- 
ample, in  1759,  had  risen  from  a  shallow  sea  to  the  height  of  1600  feei» 
instead  of  attaining  that  elevation  above  the  Mexican  plateau,  the  massive 
current  of  basaltic  lava  which  poured  out  from  its  crater  wpuld  have 
enabled  it  to  withstand,  for  a  long  period,  the  action  of  a  turbulent  sea. 

Reflections  on  the  earthquakes  of  the  nineteenth  century.-^We  are 
oow  about  to  pass  on  to  the  events  of  the  eighteenth  century ;  but,  before 
we  leave  the  consideration  of  those  already  enumerated,  let  us  pause  for 
a  moment,  and  redect  how  many  remarkable  facts  of  geological  interest 
are  afforded  by  the  earthquakes  above  described,  though  they  constitute 
but  a  small  part  of  the  convulsions  even  of  the  last  thirty  years.  New 
rocks  have  risen  from  the  waters ;  the  temperature  of  a  thermal  spring 
has  been  raised ;  the  coast  of  Chili  has  been  twice  permanently  elevated ; 
a  considerable  tract  in  the  delta  of  the  Indus  has  sunk  down,  and  some  of 
its  shallow  channels  have  become  navigable;  an  adjoining  part  of  the 
same  district,  upwards  of  fifty  miles  in  length  and  sixteen  in  breadth,  has 
been  raised  about  ten  feet  above  its  former  level ;  the  town  of  Tomboro 
has  been  submerged,  and  twelve  thousand  of  the  inhabitants  of  Sumbawa 
have  been  destroyed.  Yet,  with  a  knowledge  of  these  terrific  catastrophes, 
witnessed  during  so  brief  a  period  by  the  present  generation,  will  the 
geologist  declare  with  perfect  composure  that  the  earth  has  at  lengtli 
settled  into  a  state  of  repose  ?  Will  he  continue  to  assert  that  the  changes 
of  relative  level  of  land  and  sea,  so  common  in  former  ages  of  the  world, 
have  now  ceased  ?  If,  in  the  face  of  so  many  striking  facts,  he  persists 
in  maintaining  this  favourite  dogma,  it  is  in  vain  to  hope  that,  by  af*.cu- 
mulating  the  proofs  of  similar  convulsions  during  a  series  of  antecedent 
ages,  we  shall  shake  his  tenacity  of  purpose : 

Si  fractuB  illabatur  orbis, 
Impavidura  ferient  ruino. 

EARTHQUAKES   OF   THE    EIGHTEENTH   CENTURY. 

Quito^  1797. — On  the  morning  of  February  4lh,  1797,  the  volcano  of 
Tunguragua  in  Quito,  and  the  surrounding  district,  for  forty  leagues  from 

*  Nene  AUgem.  Geogr.  Epliemcr.,  bd.  iii.  •.  348. 


•oath  to  iiotth,  and  twentj leagtMi  flpom  west  td  ciiit»  otpgrienttod mmr 
dulftting  movomenty  which  lasted  fonr  mnnitee;  The  aaue  ahoek  wm 
felt  o?er  a  traet  of  170  leagnea  from  aonth  to  north,  from  Phira  to  Pa- 
payan;  and  140  from  weat  to  east,  from  the  aea  to  the  fifor  Napo.  b 
the  smaller  district  first  mentioned,  where  the  mof  oment  waa  aaore  intaass, 
every  town  was  levelled  to  the  pound ;  and  Riobamba,  Qiiero»  mid  ote 
placea,  were  buried  under  masses  detached  flom  the  moontkiiia.  Al  die 
foot  of  Tunguragua  the  earth  waa  rent  open  in  aeverd  pbeea ;  and  alMmi 
of  water  and  fcstid  mud,  called  ^'moya,"  poured  out,  overftowiaf  aai 
wasting  every  thing.  In  valteya  one  thousand  feet  broad,  the  wafer  of 
theae  flooda  reached  to  the  height  of  six  hnndked  feett  and  the  mnd  ds- 
poait  barred  up  the  course  of  the  river,  so  as  to  form  Iakea«  wHM  ia 
some  placea  continued  for  more  than  eighty  daya;  Fhunea  and  aoflbea- 
ting  vapours  escaped  from  the  lake  Quilotoa^  and  kiHed  all  the  eatdaaa 
ita  shores.  The  shocks  continued  all  February  and  March ;  and  eta  As 
fifth  of  April  they  recurred  with  almost  as  much  violence  aa  at  fldst  Ws 
are  told  ^at  the  form  of  the  aurface  in  the  distriet  most  shaken  vna  sa- 
tively  altered,  but  no  exact  measurements  are  given  whereby  we  may 
estimate  the  degree  of  elevation  or  aubsidence.*  IttdM  it  would  be  dit 
ficult,  except  in  the  immediate  neighbourhood  of  the  aea,  to  obtafai  aaj 
oertain  standard  of  comparison,  if  the  leveb  were  reaHy  as  much  absiad 
as  the  narrations  imply. 

Cumana^  170T.— In  the  same  year,  dn  the  14th  of  December,  the  amdl 
Antilles  experienced  subterranean  movements,  and  four-fifths  of  the  towa 
of  Cumana  was  shaken  down  by  a  vertical  shock.  The  form  of  the  ahoal 
of  Morneronge,  at  the  mouth  of  the  river  Bourdones,  waa  changed  by  sa 
upheaving  of  the  ground.t 

Quebect  1791. — We  learn  from  Captain  Bayfield's  memoirs,  that  earth- 
quakes are  very  frequent  on  the  shore  of  the  estuary  of  the  St.  Lawrence, 
of  force  sofiicient  at  times  to  split  walls  and  throw  down  chimneys.  Such 
were  the  efiects  experienced  in  December,  1791,  in  St.  Paurs  Bay, 
about  fifty  miles  N.  £.  from  Quebec ;  and  the  inhabitants  say,  that  about 
every  twenty-five  years  a  violent  earthquake  returns,  which  lasts  forty 
days.  In  the  History  of  Canada,  it  is  stated  that,  in  1663,  a  tremendous 
convulsion  lasted  six  months,  extending  from  Quebec  to  Tadeauaac — a 
distance  of  about  130  miles.  The  ice  on  the  river  was  broken  up,  and 
many  landslips  caused .:( 

CaraccaSf  1790. — ^In  the  Caraccas,  near  where  the  Caura  joins  the 
Orinoco,  between  the  towns  San  Pedro  de  Alcantara  and  San  Francisco 
de  Anpao,  an  earthquake,  on  St.  Matthew's  day,  1790,  caused  a  ainking 

*  CaTanilles,  Journ.  de  Phyi.,  tome  xlix.  p.  230.    Gilbert'!  Annalen,  bd.  ri.  p. 
67.    Hamboldt's  Voy.,  p.  317. 
t  Humboldt*!  Voy.,  Ralat.  Hist,  part  i.  p.  309. 
t  Maogregor*!  Trairsl!  in  America. 
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in  of  the  granitio  soil,  and  left  a  lake  eight  hundred  yards  in  diameter,  and 
from  eighty  to  one  hundred  in  depth.  It  was  a  portion  q(  the  forest  of 
Aripao  which  subsided,  and  the  trees  remained  green  for  several  months 
under  water.* 

iS»d/y,  1790. — On  the  iSth  of  March  in  the  same  year,  at  S.  Maria  di 
Niscemi,  some  miles  from  Terranuova,  near  the  south  coast  of  Sicily, 
the  ground  gradually  sank  down  for  a  circumference  of  three  Italian  miles, 
daring  seven  shocks;  and,  in  one  place,  to  the  depth  of  thirty  feet.  It 
eoDliniied  to  subside  to  the  end  of  the  month.  Several  fissures  sent  forth 
•dlphinr,  petroleum,  steam,  and  hot  water;  and  a  stream  pf  mud,  which 
flowed  for  two  hours,  and  covered  a  space  sixty  feet  long,  and  thirty 
broad.  This  happened  far  from  both  the  ancient  and  modern  volcanic 
districl,  in  a  group  of  strata  coosistiug  chiefly  of  blue  clay.t 

Java,  1786.-— About  the  year  1786,  an  earthquake  was  felt  at  intervals, 
for  the  period  of  four  months,  in  the  neighbourhood  of  Batur,  in  Java, 
and  an  eruption  followed.  Various  rents  were  formed,  which  emitted  a 
sulphureous  vapour ;  separate  tracts  sunk  away,  and  were  swallowed  by 
the  earth.  Into  one  of  these  the  rivulet  Dotog  entered,  and  afterwards  con- 
tinued to  follow  a  subterraneous  course.  The  village  of  Jampang  was 
buried  in  the  ground,  with  thirty-eight  of  its  inhabitants,  who  had  not 
time  to  escape.  We  are  indebted  to  Dr.  Horsfield  for  having  verified  the 
above  mentioned  facts.J 

Japan  hltt^  1783. — In  the  province  of  Sioano,  in  the  Isle  of  Nifon, 
the  volcanic  mountain  of  Asamayama,  situated  north-east  of  the  town  of 
Komoro,  was  in  violent  eruption  August  1,  1783.  The  eruption  was  pre- 
ceded by  a  frightful  earthquake ;  gulfs  are  said  to  have  opened  every 
where,  and  many  towns  to  have  been  swallowed  up,  while  others  were  - 
subsequently  buried  by  lava.§ 

*  Hamboldt*8  Voy.,  Relat  Hist.,  part  ii.  p.  632. 

t  Ferrera,  Camp,  fl.,  p.  51. 

X  BataF.  Trans.,  vol.  viii.  p.  141. 

i  Humboldt,  Fragmeni  Asiatiquei,  &o.,  torn.  i.  p.  229. 
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EARTHQVtKK  IN  CALABRIA,  1783.  ^^^^^H 

Emrthqnake  in  CJubria,  Ffbrmry  5, 1783— Shock«  continued  lo  the  rnfoTlS^Sf 
!  178C— AuthorilieB— AreiCQiiTulwd— Geo]ogicii:«Lruclureortli»rdi«trict— DifBcnl- 
[C      tj  ofuceitaiuiDgchanefiof  Jevel  (p.  396  )— Subiidence  of  Uie  quay  ■!  Menini— 

,  Shift  or  fault  in  the  Round  Tuwer  of  TerrajiuoTii— MaTeme nt  in  the  alonei  of  two 
obelialiB — Opening  and  closing  of  fiisurea — Large  edifice*  engulfrd — DimpmioBt 
of  new  CBvernii  and  fiMurei  (p.  401.)  Gradual  closing  in  of  rent.— Bounding  of 
detached  muses  inta  the  dir — LandalipB — Buildings  tnuiii|»rtcd  entire  tngr^atdii- 
Unces  (p.  JaO.)— New  Lakes— Current!  of  Mud— Funnel -shaped  hollovs  in  >llu- 

.  Vial  plains— Fall  of  clifls,  and  shore  near  Scilti  inundated— State  of  Strombcdi  vti 
Einn  during  the  shocks— How  earthquakes  contribute  to  ibe  foimfttloii  of  valleji 
(p.  40[).)— (^■*''°''"''"g  i-eaiarks, 

Calabria,  1793. — Of  the  numerous  earlliquakes  which  have  occurred 
in  (lifferenl  pnrls  of  ihe  globe,  during  ihe  last  hundred  years,  that  ofCnls- 
bifia,  in  1793,  is  nlninst  the  only  one  of  which  the  geologist  can  be  slid 
to  hnve  such  a  cireumataniial  account  as  to  enable  him  Tiilly  to  appreciate 
die  changes  which  this  cause  is  capable  or  producing  in  the  lapse  at  iges. 
Fig.  42. 
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The  shocks  began  in  February,  1783,  and  lasted  for  nearly  foar  years,  to 
he  end  of  1786.  Neither  in  duration,  nor  in  violence,  nor  in  the  extent 
>f  territory  moved,  was  this  convulsion  remarkable,  when  contrasted  with 
nany  experienced  in  other  countries,  both  during  the  last  and  present 
«ntury ;  nor  were  the  alterations  which  it  occasioned  in  the  relative  level 
}(  hill  and  valley,  land  and  sea,  so  great  as  those  eflected  by  some  sub- 
erranean  movements  in  South  America,  in  later  times.  The  importance 
>f  the  earthquake  in  question  arises  from  the  circumstance,  that  Calabria 
t  the  only  spot  hitherto  visited,  both  during  and  after  the  convulsions,  by 
nen  possessing  sufficient  leisure,  zeal,  and  scientific  information,  to  ena- 
4e  them  to  collect  and  describe  with  accuracy  the  physical  facts  which 
hrow  light  on  geological  questions. 

•/fu/Aori/tes.— Among  the  numerous  authorities,  Vivenzio,  physician  to 
he  King  of  Naples,  transmitted  to  the  court  a  regular  statement  of  hit 
rfMervations  during  the  continuance  of  the  shocks  ;  and  his  narrative  is 
Irawn  up  with  care  and  clearness.*  Francesco  Antonio  Grimaldi,  tlien 
secretary  of  war,  visited  the  difierent  provinces  at  the  king's  command, 
md  published  a  most  detailed  description  of  the  permanent  changes  in 
lie  surface.!  He  measured  the  length,  breadth,  and  depth  of  the  different 
issures  and  gulfs  which  opened,  and  ascertained  their  number  in  many 
irovinces.  His  comments,  moreover,  on  the  reports  of  the  inhabitants, 
ind  his  explanations  of  their  relations,  are  judicious  and  instructive. 
?ignataro,  a  physician  residing  at  Monteleone,  m  town  placed  in  the  very 
centre  of  the  convulsions,  kept  a  register  of  the  shocks,  distinguishing 
liem  into  four  classes,  according  to  their  degree  of  violence.  From  his 
irork,  it  appears  that,  in  the  year  1783,  the  number  was  949,  of  which 
M)i  were  shocks  of  the  first  degree  of  force ;  and  in  the  following  year 
here  were  151,  of  which  98  were  of  the  first  magnitude. 

Count  Ippolito,  also,  and  many  others,  wrote  descriptions  of  the  earth- 
inake  ;  and  the  Royal  Academy  of  Naples,  not  ^titiefied  with  these  and 
ither  observations,  sent  a  deputation  from  their  own  body  into  Calabria, 
>efore  the  shocks  had  ceased,  who  were  accompanied  by  artists  instructed 
0  illustrate  by  drawings  the  physical  changes  of  the  district,  and  the  state 
if  mined  towns  and  edifices.  Unfortunately  these  artists  were  not  very 
successful  in  their  representations  of  the  condition  of  the  country,  partica- 
arly  when  they  attempted  to  express,  on  a  large  scale,  the  extraordinary 
evolutions  which  many  of  the  great  and  minor  river-courses  underwent, 
lot  many  of  the  plates  published  by  the  Academy  are  valuable  ;  and  as 
hey  are  little  known,  I  shall  frequently  avail  myself  of  them  to  illustrate 
ke  facts  about  to  be  described.^ 

*  Iftoria  de'  Tremuoti  della  Calabria  del  1783. 

f  DMcris.  de*  Tremuoti  Accad.  nelle  Calabria  nel  1783.  Napoli,  1784. 
X  Isioria  de'  Fenomeni  del  Tremoto,  Ac.  nell*  An.  1783,  posta  ia  luoe  daQa  Real, 
kooad.  dbc.  di  Nap.    Napoli,  1784.  fol. 
Vol.  I.— 2  Z 
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In  ftddltiim  to  tHese  Neapolitan  aooreiw  of  inlbrmationt  ooreouatrjiiBt 
Sir  William  Hamilton,  surveyed  the  district,  not  without  tone  pemonal 
risk,  before  the  shocks  had  ceased';-  and  his  sketeh,  pnblieliad  in  dis 
Philosophical  Transactions,  snpplies  many  facts  that  wtnild  otherwise 
have  been  lost.  He  has  explained' in  a  rational  manner  many  evcms 
which^  as  related' in  the  language  of  some  eyewitnessee,  appeared  marvel- 
lous and  incredible;  Dolomieu  also  examined  Calabria  during  the  catas- 
trophe, and  wrote  an  account  of  the  earthquake,  eorreetiDg  a  mistake  into 
^  which  Hamilton  had  fallen,  who  supposed  that  a  part  of  the  tnet  simkea 
had  consisted  of  volcanic  tuff.  It  is,  indeed,  a  cirenmstaace  whidi  eo- 
hances  the  geological  interest  of  the  commotions  which  so  often  modify' 
the  surface  of  Calabria,  that  they  are  confined  to  a  country  where  thsie 
are  neither  ancient  nor  modem  rocks  of  vokanie  or  trappean  origin ;  so 
that  at  some  future  time,  when  the  era  of  disturbance  shall  have  passed 
by,  the  cause  of  former  revolutions  will  be  as  latent  as  in  parte  Of  Greai 
Britain  now  occupied  exclusively  by  ancient  marine  formations. 

Exitni  of  the  area  convuhed^'^The  convulsion  of  the  eanh,  sea,  and 
air  extended  over  the  whole  of  Calabria  Ultra,  the  eouth-east  pert  of 
Calabria  Citra,  and  across  the  sea  to  MoMina  and  its  environs ;  m  distrid 
lying  between  the  88th  and  39th  degrees  of  latitude.  The  concussion 
was  perceptible  over  a  great  part  of  Sicily,  and  as  far  north  as  N^lei ; 
but  the  surface  over  which  the  shocks  acted  so  forcibly  as  to  ezdte  in- 
tense alarm  did  not  generally  exceed  five  hundred  square  miles  in  area. 
The  soil  of  that  part  of  Calabria  is  composed  chiefly,  like  the  soothera 
part  of  Sicily,  of  calcareo-arglllaceous  strata  of  great  thickness,  containing 
marine  shells.  This  clay  is  sometimes  associated  with  beds  of  sand  and 
limestone.  For  the  most  part  these  formations  resemble  in  appearance 
and  consistency  the  Subapennine  marls,  with  their  accompanying  sands 
and  sandstones ;  and  the  whole  group  bears  considerable  resemblanee,  in 
the  yielding  nature  of  its  materials,  to  most  of  our  tertiary  deposits  in 
France  and  England.  Chronologically  considered,  however,  the  Cala- 
brian  formations  are  comparatively  of  very  modern  date,  and  abound  in 
fossil  shells  roferrible  to  species  now  living  in  the  Mediterranean. 

We  learn  from  Vivenzio  that,  on  the  20th  and  26th  of  March,  1783, 
earthquakes  occurred  in  the  islands  of  Zante,  Cephalonia,  and  8l  Maura; 
and  in  the  last  mentioned  island  several  public  edifices  and  private  houses 
were  overthrown,  and  many  people  destroyed.  It  has  been  already  shown 
that  the  Ionian  Islands  fall  within  the  line  of  the  same  great  volcanic  region 
as  Calabria  ;  so  that  both  earthquakes  were  probably  derived  from  a  com* 
men  source,  and  it  is  not  improbable  that  the  bed  of  the  whole  intermediate 
sea  was  convulsed. 

If  the  city  of  Oppido,  in  Calabria,  be  taken  as  a  centre,  and  ronnd 
that  centre  a  circle  be  described,  with  a  radius  of  twenty-two  miles,  this 
space  will  comprehend  the  surface  of  the  country  which  suffered  the 
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greatest  alteration,  and  where  all  the  towns  and  villages  were  destroyed. 
The  first  shock,  of  February  5th,  1783,  threw  down,  in  two  minutes,  the 
greater  part  of  Uie  houses  in  all  the  cities,  towns,  and  villages,  from  the 
western  flanks  of  the  Apennines  in  Calabria  Ultra  to  Messina  in  Sicily, 
and  convulsed  the  whole  surface  of  the  country.  Another  occurred  on 
the  28th  of  March,  with  almost  equal  violence.  The  granitic  chain 
which  passes  through  Calabria  from  north  to  south,  and  attains  the  height 
of  many  thousand  feet,  was  shaken  but  slightly  by  the  first  shock,  but 
more  rudely  by  some  which  followed. 

Some  writers  have  asserted  that  the  wave-like  movements  which  were 
propagated  through  the  recent  strata,  from  west  to  east,  became  very  vio- 
lent when  they  reached  the  point  of  junction  with  the  granite,  as  if  a 
reaction  was  produced  where  the  undulatory  movement  of  the  soft  strata 
was  suddenly  arrested  by  the  more  solid  rocks.  But  the  statement  of 
Doloraieu  on  this  subject  is  most  interesting,  and,  perhaps,  in  a  geolo- 
gical point  of  view,  the  most  important  of  all  the  observations  which  are 
recorded.* 

The  Apennines,  he  says,  which  consist  in  great  part  of  hard  and  solid 
granite,  with  some  micaceous  and  argillaceous  schists,  form  bare  moun- 
tains with  steep  sides,  and  exhibit  marks  of  great  degradation.     At  their 
base  newer  strata  are  seen  of  sand  and  clay,  mingled  with  shells  ;  a  ma- 
rine deposit  containing  such  ingredients  as  would  result  from  the  decom- 
position of  granite.      The  surface  of  this  newer  (tertiary)  formation 
constitutes  what  is  called  the  plain  of  Calabria — a  platform  which  is  flat 
and  level,  except  where  intersected  by  narrow  valleys  or  ravines,  which 
rivers  and  torrents  have  excavated  sometimes  to  the  depth  of  six  hundred 
ieet.     The  sides  of  these  ravines  are  almost  perpendicular;  for  the  supe- 
rior stratum,  being  bound  together  by  the  roots  of  trees,  prevents  the 
formation  of  a  sloping  bank.     The  usual  effect  of  the  earthquake,  he 
continues,  was  to  disconnect  all  those  masses  which  either  had  not  suffi- 
cient bases  for  their  bulk,  or  which  were  supported  only  by  lateral 
adherence.     Hence  it  follows  that  throughout  almost  the  whole  length  of 
the  chain  the  soil  which  adhered  to  the  granite  at  the  base  of  the  moun- 
tains Caulone,  Esope,  Sagra,  and  Aspramonte,  slid  over  the  solid  and 
steeply  inclined  nucleus,  and  descended  somewhat  lower,  leaving  almost 
uninterruptedly  from  St.  George  to  beyond  St.  Christina,  a  distance  of 
from  nine  to  ten  miles,  a  chasm  between  the  solid  granitic  nucleus  and 
Uie  sandy  soil.     Many  lands,  slipping  thus  were  carried  to  a  considerable 
distance  from  their  former  position,  so  as  entirely  to  cover  others ;  and 
disputes  arose  as  to  whom  the  property  which  had  thus  shifted  its  place 
should  belong. 


*  Dissertation   on   the  Calabrian   Earthquake,  See.,  tranilated  in  Pinkerton's 
Voyages  and  Travels,  vol.  v. 
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FVom  thii  account  of  Dolomien  we  might  aotieiptiey  m  the  Terall  of  t 
continaance  of  such  earthquakes,  first,  i  longitadinal  vaUey  following  ihs 
line  of  junction  of  the  older  and  newer  rocks;  seeondljt  greater  distub- 
tnce  in  the  newer  strata  near  the  point  of  contact  than  at  a  greater  diatanee 
from  the  mountains ;  phenomena  very  common  in  other  parte  of  Italj  at 
the  junction  of  the  Apennine  and  Sobapennine  formations. 

The  surface  of  the  eountrjr  oAen  heaTcd,  like  the  billows  of  a  sweDiag 
lea,  which  produced  a  swimming  in  the  head,  like  sea-eiekBaaa.  It  is 
particularly  steted,  in  almost  all  the  accounts,  that  just  before  each  sbodi 
the  clouds  appeared  motionless;  and,  althongh  no  ezpiaiialloii  ia  oflered 
of  this  phenomenon,  it  is  obviously  the  same  as  that  obeenred  in  a  ship  at 
aea  when  it  pitches  Tiolendy.  The  clouds  seem  anreated  In  tbeir  earser 
as  often  as  the  vessel  rises  in  a  direction  contrary  to  their  oooiae;  so 
that  the  Calabrians  must  have  experienced  preciaely  the  aame  oiotioa  on 
the  land. 

Trees,  supported  by  their  trunks,  sometimes  bent  during  the  ahoeks  lo 
the  earth,  and  touched  it  with  their  u>ps«  This  is  mentioned  aa  a  weU- 
known  fact  by  Dolomieu  ;*  and  he  assures  us  that  he  was  alwaya  on  his 
guard  against  the  spirit  of  exaggeration  in  which  the  vulgar  are  ever 
ready  to  indulge  when  relating  these  wonderful  occnrieneea. 

1  shall  now  consider,  in  the  first  place,  that  dass  of  pliyaical  ehanges 
produced  by  the  earthquake  which  are  connected  with  alterationa  in  ths 
relative  level  of  the  difiTerent  jmrts  of  the  land;  and  aAerwards  deseribs 
those  which  are  more  immediately  connected  with  the  derangement  of 
the  regular  drainage  of  the  country,  and  where  the  force  of  running  water 
co-operated  with  that  of  the  earthquake. 

Difficulty  of  ascertmning  changa  of  level, — In  regard  to  alterations  of 
relative  level,  none  of  the  accounts  establish  that  they  were  on  a  considerable 
scale  ;  but  it  must  always  be  remembered  that,  in  proportion  to  the  area 
moved  is  the.  difficulty  of  proving  that  the  general  level  has  undergone 
any  change,  unless  the  sea-coast  happens  to  have  participated  in  the 
principal  movement.  Even  then  it  is  often  impossible  to  determine 
whether  an  elevation  or  depression  even  of  several  feet  haa  occurred, 
because  there  is  nothing  to  attract  notice  in  a  band  of  shingle  and  sand  of 
unequal  breadth  above  the  level  of  the  sea  running  parallel  to  a  coast; 
such  bands  generally  marking  the  point  reached  by  the  wavea  during 
spring  tides,  or  the  most  violent  tempests.  The  scientific  investigator 
has  not  sufficient  topographical  knowledge  to  discover  whether  tlie  extent 
of  beach  has  diminished  or  increased;  and  he  who  has  the  necessary 
local  information  scarcely  ever  feels  any  interest  in  ascertaining  the 
amount  of  the  rise  or  fall  of  the  ground.  Add  to  this  the  great  difficulty 
of  making  correct  observations,  in  consequence  of  the  enormous  waves 
which  roll  in  upon  a  coast  during  an  earthquake,  and  eflace  every  land- 
mark near  the  shore. 
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Subtidenee  of  the  Quay  at  Mettina. — It  is  evideolly  in  aeaports  alone 
dial  we  can  look  for  very  accurate  indications  of  slight  changes  of  level; 
and  when  we  find  them,  we  may  presume  that  they  would  not  be  rare  at 
other  points,  if  equal  facijiiies  of  comparing  relative  altitudes  were  aflbrded. 
Grimaldi  states  (and  his  account  is  confirmed  by  Hamilton  and  others), 
that  at  Me»aina,  in  Sicily,  the  shore  was  rent;  and  the  soil  along  the 
port,  which  before  the  shock  was  perfectly  level,  was  found  afterwards  to 
be  inclined  towards  the  sea, — the  sea  itself  near  the  "  Banchina"  becom- 
ing deeper,  and  its  bottom  in  several  places  disordered.  The  quay  also 
sank  down  about  fourteen  inches  below  the  level  of  the  sea,  and  the 
faoDses  in  its  vicinity  were  much  fissured.    (Phil.  Trant.  17B3.) 

Among  various  proofs  of  partial  elevation  and  depression  in  the  interior, 
the  Academicians  mention;  in  their  Survey,  that  the  ground  was  some- 
times on  the  same  level  on  both  sides  of  new  ravines  and  fissures,  but 
sometimes  there  had  been  a  considerable  shifting,  either  by  the  upheaving 
of  one  side,  or  the  subsidence  of  the  other.  Thus,  on  the  sides  of  long 
rents  in  the  territory  of  Soriano,  the  stratified  masses  had  altered  their 
relative  position  to  the  extent  of  from  eight  to  founeen  palms  (six  to  ten 
and  a-half  feet). 

Polulena. — Similar  shifts  in  the  strata  are  alluded  to  in  the  territory  of 
Polisiena,  where  there  appeared  innumerable  fissures  in  the  earth.     One 
of  these  was  of  great  length  and  depth  ;  and  in  parts  the  level  of  the  cor- 
responding sides  was  greatly  changed.  (See  Fig.  44.) 
Pig.  44. 


Deepfitmrt  tuar  Poliitena,  tausedty  tht  tarUtquaktof  1783. 

T^ramiova.—la  the  town  of  Terranuova  some  houses  were  teen  up- 


lifted above  the  common  level,  and  others  adjoining  sunk  down  into  the 
earth.  In  several  siieels  the  soil  appeared  thrust  up,  and  sbutled  against 
the  walls  of  houses;  a  large  circular  tower  of  solid  masonry,  part  of 
which  had  withstood  the  general  deslmction,  was  divided  by  ■  vertictl 
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nut,  ind  <«e  ude  wm  npniMd,  mai  the  fnnxlBtioiM  haknd  OM  of  ihi 
gfoaiu].  It  wu  compared  by  iha  Academieiau  to  ft  (tmI  loolh  blf 
•xtncud  from  the  ftlvaolua,  with  the  upper  part  at  Um  Ihi^  miprnd 
(8m  Fig.  46.) 

Flf.46. 


Bkifitr  "fimtt"  JmAt rtmUuwref  IWraaaw it C«hhT«, Mwd— iJ if di 
MTll^Mta  <t^  1783. 

Along  the  tine  of  this  shirt,  or  "  Tault,"  as  it  would  be  termed  teehni' 
cally  by  miners,  the  walls  were  found  (o  adhere  firmly  to  each  other,  ud 
to  fii  so  well,  that  the  only  signs  of  their  having  been  disunited  was  ibe 
want  of  coTTespondenee  in  the  couriea  of  stone  on  either  side  of  the  reuL 

Duloroieu  saw  a  stnne  well  in  the  convent  of  the  Augusiins  at  Terra- 
nuova,  which  had  the  appearance  of  having  been  driven  out  of  the  earlli. 
It  resembled  a  small  lower  eight  or  nine  feet  in  height,  and  a  little 
inclined.  This  effect,  he  says,  was  produced  by  the  consolidation  and 
consequent  sinking  of  the  sandy  soil  tn  which  the  well  was  dug. 

In  some  walls  whic)i  had  been  thrown  down,  or  violently  ahahen,  in 
Monteleone,  the  separate  stones  were  parted  from  the  rooriar.  so  as  to 
leave  an  exact  mould  where  they  had  rested ;  wliersaa  in  othai  cases  the 
raortar  was  ground  to  dust  between  the  stones. 

It  appears  that  ilie  wave-like  motions,  and  those  which  are  called  va^ 
ticose  or  whirling  in  a  vortes,  often  produced  effects  of  the  most  eapii- 
cious  kind.  Thus  in  some  streets  of  Monteleone,  every  boose  was 
thrown  down  but  one ;  in  others,  all  but  two  ;  and  the  buildings  which 
were  spared  were  often  scarcely  in  the  least  degree  injured. 

In  many  cities  of  Calabria,  all  the  most  solid  buildings  were  thrown 
down,  while  those  which  were  slightly  built  escaped  ;  but  at  Roaanio,  u 
also  at  Messina  in  Sicily,  it  was  precisely  the  reverse,  the  maaaiv*  adi- 
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Sees  being  the  only  ones  that  stood.  Two  obelisks  (Fig.  46.)  placed  at 
the  exlremitieg  or  a  magnificent  faqade  jn  the  convent  of  S.  Ilruno,  in  a 
tmall  Iowa  callecl  Siefano  del  Boaco,  nere  observed  to  have  undergone  a 
movement  o(  a  singalar  kind.  The  shock  which  agitated  ihe  building  is 
described  aa  hsvifig  been  horizontal  and  vorticose.  The  pedestal  of  each 
obelisk  remained  in  its  original  place;  bit  ihe  separate  stones  above  were 
turned  panially  roimd,  and  removed  aometimes  nine  inches  fTOm  iheir 
posiiion  without  fdliog. 

Tig.  46. 


Sk^iiUkettomaof  two cMitit  ittlMe  ConvaU  ef  3.  Bnmo. 


FtuUTtt. — It  appears  evident  that  a  great  part  of  the  rending  and 
fiiMiriag  of  the  ground  was  the  eOect  of  a  violent  motion  from  below  up- 
wards ;  and  in  a  multitude  of  cases  where  the  rents  and  chasms  u]>ened 
and  closed  aUernalcly,  we  must  suppose  that  llio  earth  waa  by  tuma 
heaved  up,  and  then  let  fall  again.  We  may  conceive  the  same  effect  to 
be  produced  on  a  small  scale,  If,  by  some  mechanical  force,  a  pavement 
composed  of  large  flags  of  stone  should  be  raised  up,  and  then  allowed  to 
fall  suddenly,  so  as  to  resume  its  original  posiiion.  If  any  small  pebblea 
happened  to  be  lying  on  the  line  of  contact  of  two  flags,  they  would  fall 
into  the  opening  when  the  pavement  rose,  and  be  swallowed  up,  so  that 
no  trace  of  iliem  would  appear  after  the  subsidence  of  ihe  stones.  In  the 
same  manner,  when  the  earth  was  upheaved,  larg*e  houses,  trees,  caltle, 
and  men  were  engulfed  in  an  instant  in  chasms  and  fissures  ;  and  when 
the  ground  sank  down  again,  the  earth  closed  upon  them,  so  that  no  ves- 
tige of  Ihem  was  discoverable  on  the  surface.  In  many  instances,  indivi- 
duals were  swallowed  up  by  one  shock,  and  then  thrown  out  again  alive, 
together  with  large  jets  of-  water,  by  (he  shock  which  immediately  suc- 
ceeded. 

At  Jerocame,  s  country  which,  according  to  the  Academicians,  wu 
faeenUed  in  a  most  exiraordinary  manner,  the  fissures  ran  in  every  direc- 
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tion  "  like  craclu  on  «  broken  pane  of  g1iM"<  (••«  Fig.  47.)  t  ud,  m  ■ 
great  portion  ur  litem  remiined  open  afier  (he  ahooke,  it  U  vmy  powUi 
that  ijut  country  wu  permaneDtly  upraiaed.'  It  wm  oaod,  m  ve  kMi 
from  Dolomieu,  for  the  chtama  asjl  fiaatane  ihraoghoat  Calabria  to  na 
parallel  to  the  courae  of  aome  pre-exiating  gorgea  in  iheic.iwigbboflriUNi 
Vlff.  47. 


BouKt  tngulfed.~-\a  the  Ticinity  of  Oppido.  the  central  point  fnm 
which  the  earthquake  diffuaed  ita  violent  rooTementat  many  hooeea  wm 
swallowed  up  by  the  yawningearth,  which  cloaed  immediately  over  tbea> 
In  the  adjacent  district,  bIbo,  of  CannamarU,  four  farm-faouaea,  aeTenl 
oil-atores,  sad  some  ipacioua  dwelling-houseB  were  so  completdj 
en^lfed  in  one  chaam,  that  not  a  veeiige  of  them  waa  afterwarda  dii- 
cernible.  The  eame  phenomenon  occurred  si  Terranuorai  S.  Chriatiu, 
and  Sinopoli.  The  Academicians  stale  particularly,  that  when  deep 
abyases  hid  opened  in  the  argillaceous  strata  of  TerranuOTa,  and  houai 
had  sunk  into  them,  the  sides  of  the  cliaBms  closed  with  such  Tiolenee, 
lliat,  on  excavating  afterwards  lo  recover  articles  of  value,  the  worknua 
found  the  contents  and  deUched  parts  of  the  buildings  jammed  together 
so  as  lo  become  one  compact  mass.  It  is  unnecessary  lo  aecumnlaia 
examples  of  similar  occurrences  ;  but  so  many  are  well  aulhenticaled 
during  this  earthquake  in  Calabria,  that  we  may,  without  hesiUlioD, 
yield  assent  lo  the  accounts  of  catastrophes  of  tbe  same  kind  npealed 
again  and  again  in  history,  where  whole  towns  are  declared  to  hare  beea 
engulfed,  and  nothing  but  a  pool  of  water  or  tract  of  sand  left  in  ikeir 
place. 

Chatm  formed  near  Oppido. — On  the  sloping  side  of  a  hill  near  Opindo 
a  great  chasm  opened  ;  and,  although  a  large  quantity  of  soil  was  precipi- 
tated into  the  abyss,  together  with  a  considerable  number  of  oliTe-liees 
and  part  of  a  vineyard,  a  great  gulf  remained  after  lh«  shock,  in  the  form 
of  an  amphitheatre,  600  feet  long  aiid  200  feet  deep.     (Bee  Fig.  48.) 


FORUATiON  OF  NEW   LAKES.' 

Fig.  48. 


Cbana  fenaed  (y  Me  tarikqaake  of  1783  nur  Oppido,  m  Cidabria. 


Ditnensioni  of  new  Jiisures  and  c/iasms. — According  to  Grimaldi, 
many  fissures  and  chasms,  Tormed  by  the  firm  sliock  or  February  5lb, 
were  greally  wiilcoed,  Icngilieiied,  and  deepened  by  the  violent  cotivul- 
eions  of  March  28ih.  In  ihe  territory  of  San  Fili  this  observer  found  » 
new  ravine,  half  a  mile  in  length,  two  feel  and  a  half  broad,  and  twenty- 
five  feet  deep;  and  anolhpr  of  •similar  dimensions  in  ilie  territory  of 
Itoearno.  A  ravine  nearly  a  mile  long,  105  feet  broad,  and  thirty  feel 
deep,  opened  in  tlie  district  of  Plaisano,  where,  also,  two  gulfs  were 
caused-— one  in  a  pbce  calle^l  Cerzulle,  three-qnarlers  of  a  mile  long,  150 
feet  broad,  and  above  one  hundred  feet  deep ;  and  another  al  La  Furtuna, 
nearly  a  quarter  of  a  mile  long,  above  ihirly  feet  io  breadth,  and  do  less 
than  235  feel  deep. 

In  the  dislrici  of  Fosolano  three  gutfs  opened:  one  of  these  raea- 
Kured  300  feel  square,  and  above  ihiriy  feet  deep ;  another  was  nearly 
half  a  mile  long,  fificrn  feet  broad,  and  above  thirty  feet  deep ;  the  third 
was  750  feet  square.  Lastly,  a  calcareous  mountain,  called  Zefirio,  at 
the  southern  exiremiiy  of  the  Ilalian  peninsula,  was  cleft  in  two  for  the 
length  of  nearly  half  a  mile,  and  an  irrej^ular  breadth  of  many  feet.  Soma 
of  these  chnsnis  were  tn  the  form  of  a  rrescent.  The  cut  (Fig.  49,  p. 
403,)  represents  one  by  no  means  remarkable  for  its  dimensions,  which 
remained  open  by  ilie  side  of  a  small  pass  over  the  hill  of  St.  Angelo, 
near  Roriano.     The  small  river  Mesima  is  seen  in  the  foreground. 

FormnlioH  of  new  lalte^. — In  the  vicinity  of  iJeminara,  a  lake  was 
suddenly  formed  by  the  opening  of  a  great  chasm,  from  the  bottom  of 
which  waicr  issued.  This  lake  was  lalled  Lago  del  Tolfilo.  It  extended 
1785  feet  in  lengih,  by  S3?  in  breadth,  and  52  in  deplh.  The  inhabit- 
ants, drending  the  miasma  of  this  stagnant  pool,  endeavoured,  at  great 
VuL.  1.— a  A 
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Fig.  49. 
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coBt,  (o  drain  it  by  canals,  but  without  success,  u  it  ww  fed  by  spring* 
issuing  from  the  botiom  of  ihe  lieep  chasm.  A  small  circular  subsideoc* 
occurred  not  far  from  Polisiena,  of  vvhteb  a  TepresentutiDn  is  gives  (Hg. 
»■)■ 


Fig.  50. 


Cirmlar  pond  Vi 


r  Poliilcna,  i 


.  Calatrria,  cniaed  by  lii 
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Gradual  closing  in  of  fissures . — Sir  W.  Ilaniihon  was  sIiowd  sereriJ 
dee))  fissures  in  the  vieiiiiiy  of  Milelo,  which,  altliough  iiol  one  of  ihem 
wss  above  a  fuol  in  brcatlih,  had  opened  so  wide  during  ihe  earihquake 
as  to  swallow  up  ail  ox  and  nearly  one  hundred  goats.  The  Academi- 
eiana  also  found,  on  their  return  llirough  districts  which  they  had  passed 
at  the  cnmmencenicnl  of  their  tiiur,  that  many  rents  had,  in  thai  fhorl 
interval,  gradually  closed  in,  bo  tljat  ibeii  width  had  diminisbed  several 
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feet,  anti  the  opposite  walls  had  sometimes  nearly  met.  It  is  natural  that 
this  should  happen  in  argillaceous  strata,  while,  in  more  srdid  rocks,  we 
may  expect  that  fissures  will  remain  open  for  ages.  Should  this  be  ascer# 
tained  to  be  a  general  fact  in  countries  convulsed  by  earthquakes,  it  may 
afford  a  satisfactory  explanation  of  a  common  phenomenon  in  mineral 
veins.  Such  veins  often  retain  their  full  size  so  long  as  the  nicks  coneist 
of  limestone,  granite,  or  other  indurated  materials ;  but  they  contract 
their  dimensions,  become  mere  threads,  or  are  even  entirely  cut  off, 
where  masses  of  an  argillaceous  nature  are  interposed.  If  we  suppose 
the  filling  up  of  fissures  with  metallic  and  other  ingredients  to  bo  a  pro« 
cess  requiring  ages  for  its  completion,  it  is  obvious  that  tha  opfioeite 
walls  of  vents,  where  strata  consist  of  yielding  materials,  must  coUapso 
or  approach  very  near  to  each  other  before  sufficient  time  is  allowed  foi 
the  accretion  of  a  large  quantity  of  veinstone. 

Thermal  waters  augmented, — It  is  stated  by  GrimaUii,  that  the  tiiermal 
waters  of  St.  Eufemia,  in  Terra  di  Amato,  which  first  burst  out  during  tht 
Mrthquake  of  1638,  acquired,  in  February,  1783,  an  augmentation  both 
in  quantity  and  degree  of  heat.  This  fact  appears  to  indicate  a  oonnez* 
ion  between  the  heat  of  the  interior  and  the  fissures  caused  by  the  Gala- 
brian  earthquakes,  notwithstanding  the  absence  of  volcanic  rocks,  either 
ancient  or  modern,  in  that  districL 

Bounding  of  detached  masses  into  the  mr.-*-The  violence  of  the  move- 
ment of  the  ground  upwards  was  singularly  illustrated  by  what  the  Acade* 
micans  call  the  **  sbalzo,'*  or  bounding  into  the  air,  to  the  height  of 
sereral  yards,  of  masses  slightly  adhering  to  the  surface.  In  some  towns, 
a  great  part  of  the  pavement  stones  wero  thrown  up,  and  found  lying  with 
their  lower  sides  oppermost.  In  these  cases,  we  must  suppose  that  they 
were  propelled  upwards  by  the  momentum  which  they  had  acquired ;  and 
that  the  adhesion  of  one  end  of  the  mass  being  greater  than  that  of  the 
other,  a  rotatory  motion  had  been  communicated  to  them*  When  tlio 
stone  was  projected  to  a  sufiicient  height  to  perform  somewhat  more  than 
a  quarter  of  a  revolution  in  the  air,  it  pitched  down  on  its  edge,  and  foH 
with  its  lower  side  uppermost. 

Effects  of  earthquakes  on  the  excavation  of  vatleys.-^The  nest  class  of 
effects  to  be  considered,  are  those  more  immediately  connected  with  th^ 
formation  of  valleys,  in  which  the  action  of  water  was  often  combined 
with  that  of  the  earthquake.  The  country  agitated  was  composed,  as  be- 
fore stated,  chiefly  of  argillaceous  strata,  intersected  by  deep  narrow  vaN 
eys,  sometimes  from  five  to  six  hundred  feet  deep.  As  the  boundary 
slide  were  in  great  part  vertical,  it  will  readily  be  conceived  that,  amidst 
;he  various  movements  of  the  earth,  the  precipices  overhanging  rivers, 
l>eing  without  support  on  one  side,  were  often  thrown  down.  We  find, 
indeed,  that  inundations  produced  by  obstructions  in  river-coursea  are 
imong  the  most  disastrous  consequences  of  great  earthquakes  in  all  parts 
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of  the  world ;  for  the  ailovid  plaint  in  the  bottoma  of  vallejre  are  nsaallj 
Ihe  moat  fertile  and  well-peopled  parte  of  the  whole  country ;  and  whether 
the  aite  of  a  town  ia  above  or  below  a  temporary  barrier  in  the  channel  of 
a  river,  it  ia  expoaed  to  injury  by  the  walera  either  of  m  lake  or  flood. 

Land9Hp9.^^Fiom  each  aide  of  the  deep  vaUey  or  nfineof  Terrannon, 
enormoua  maaaea  of  the  adjoining  flat  conntry  were  detaebed,  and  eait 
down  into  the  oonrae  of  the  river,  ao  aa  to  give  liee  to  gicat  hkee.  Oaki* 
olive-treea,  vineyarda,  and  eom,  were  often  aeen  growing  at  tho  boltoD 
of  the  ravmCy  aa  little  injured  aa  their  former  eompanionav  which  atiE 
continued  to  flouriah  in  the  plain  aboTe«  at  leaat  five  hundred  fiset  higher, 
and  at  the  diatance  of  about  three-quartera  of  m  mile.  In  one  peri  of  this 
ravine  waa  an  enormoua  maaa,  two  hundred  feet  Ugh,  and  aboot  fimr 
hundred  feet  at  ita  baae»  which  had  been  detached  by  eona  fbnBer  earth- 
quake. It  ia  well  atteatedy  that  thie  maaa  travelled  down  tho^imTiiio  nearly 
four  milea,  having  been  put  in  motion  by  the  earthquake  of  the  6th  of 
February.  Hamilton,  after  examining  the  apot,  declared  that  this  pheno- 
menon might  be  accounted  for  by  the  declivity  of  the  valley,  the  great 
abundance  of  rain  which  fell,  and  the  great  weight  of  the  alluvial  matter 
which  preaaed  behind  it  Dolomieu  also  alludea  to  the  finesh  impulae  de- 
rived from  other  maaaea  falling,  and  preaaing  upon  the  rear  of  thoee  firrt 
act  in  motion. 

The  firat  account  aent  to  Naplea  of  the  two  great  alidea  or  laadilipi 
above  alluded  to,  which  cauaed  a  great  lake  near  Terranuova,  waa  coocbed 
in  these  words : — *'  Two  mountains  on  the  opposite  sides  of  a  valley 
walked  from  their  original  position  until  tliey  met  in  the  middle  of  tbB 
plain,  and  there  joining  together,  they  intercepted  the  course  of  a  river," 
dec.  The  expressions  here  used  resemble  singularly  those  applied  to 
phenomena,  probably  very  analogous,  which  are  said  to  have  occurred  at 
Fez,  during  the  great  Lisbon  earthquake,  as  also  in  Jamaica  and  Java  at 
other  periods. 

Not  far  from  Soriano,  which  was  levelled  to  the  ground  by  the  great 
shock  of  February,  a  small  valley,  containing  a  beautiful  olive-grove, 
called  Fra  Ramondo,  underwent  a  most  extraordinary  revolution.  Innu- 
merable fissures  first  traversed  the  river- plain  in  all  directiona,  and  abaorbcd 
the  water  until  the  argillaceous  substratum  became  soaked,  so  that  a  great 
part  of  it  was  reduced  to  a  state  of  fluid  paste.  Strange  alterationa  in  the 
outline  of  the  ground  were  the  consequence,  as  tlie  soil  to  a  great  depth 
was  easily  moulded  into  any  form.  In  addition  to  this  change,  the  ruins 
of  the  neighbouring  liills  were  precipitated  into  the  hollow ;  and  while 
many  olives  were  uprooted,  others  remained  growing  on  the  fallen  masses, 
and  inclined  at  various  angles.  (See  Fig.  51.)  The  small  river  Caridi 
was  entirely  concealed  for  many  days ;  and  when  at  length  it  reappeared, 
it  had  shaped  for  itself  an  entirely  new  channel. 


Ch.  XV.]       BUILOINOS  TRANSPORTED  BY  LANOSUFS. 


C^MHgtM  of  the  turface  at  Fra  Ranumdj/,  nter  SoTVum,  in  Calatria. 


2,  tie-, 

BuUdingi  IransporUd  entire  to  great  dhfaiicet. — Near  Seminaia,  an 
exieiiaive  olive-grounJ  and  orchard  were  hurled  lo  a  distance  of  two  hun- 
dred feet,  into  a  valley  sixty  feet  in  depth.  At  the  same  lime  a  deep 
chasm  waa  riven  in  another  part  uf  the  high  platform  from  which  the 
orchard  had  been  detached,  and  the  river  imnicdialely  enlered  thefi!<aure, 
leaving  its  furmer  bed  completely  dry.  A  small  inhabited  house,  stand- 
ing  on  the  mass  of  earth  carried  down  into  the  viilley,  went  along  with  it 
entire,  and  without  injury  to  the  inhabitants.  The  olive  trees,  also,  con- 
tinued to  grow  on  the  land  which  had  slid  into  (he  valleyt  and  bore  the 
same  year  an  abundant  crop  of  fruit. 

Two  tracts  of  land  on  which  a  great  part  of  the  luwn  of  Polisiena 
atood,  consisting  of  some  hundreds  of  houses,  were  detached  into  a  con- 
tiguous ravine,  and  nearly  across  ii,  about  half  a  mile  from  their  original 
lite  ;  and  what  is  most  extraordinary,  several  of  the  inhabitania  were  dug 
out  from  the  ruins  alive  and  unhurt. 

Two  tenements,  near  Mileio,  called  the  Macini  and  Vaiicano,  about « 
mile  long,  and  half  a  mile  broad,  were  carried  for  a  mile  down  a  valley. 
A  thatched  cottage,  together  with  large  olive  and  mulberry  trees,  most  of 
which  remained  erect,  were  carried  uninjured  to  this  extraordinary  dis- 
tance. According  to  Hamilton,  the  surface  removed  had  been  long  under- 
mined by  livuleta,  which  were  afterwards  in  full  view  on  the  bare  spot 
deserted  by  the  tenements.  The  earthquake  seems  to  have  opened  a 
,  passage  in  the  adjoining  argillaceous  hills,  which  admitted  water  charged 
with  loose  soil  into  the  subierraneaD  chaunels  of  the  rivulets  immediately 
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under  the  tenements,  bo  that  ihe  foun<lotioiiB  or  the  g;ruuDd  set  in  motion 
by  the  eurlhijunke  were  looaened.  Another  exarnplfl  of  subsidence,  irhtie 
the  edifices  were  not  destroyed,  is  mentioned  hy  Grimaldi,  as  UiMng 
taken  place  in  ihe  city  of  Calanzaro,  llie  capiul  of  the  province  of  tka 
name.  The  housei  in  the  quarter  called  San  Giuseppe  subsided  vilh  the 
ground  to  rarious  depths  frore)  two  lo  four  feet,  but  the  buildings  remaiDed 
uninjured. 

It  would  be  tedious,  and  our  apnce  would  not  permit  us,  to  follow  llw 
dilTercnt  authors  thmugli  their  local  details  of  landslips  produced  in  minor 
Tolleys ;  but  they  are  highly  inlereating,  as  thowing  to  how  great  an  ex- 
tent iho  power  of  rivers  to  wiilen  valleys  snd  lo  carrv  away  large  por- 
tions of  soil  towards  the  sea  is  increased  where  earthquakes  are  of  peri- 
odical occurrence  Among  other  lenitones  that  of  Ginquefrondi  was 
greatly  convulsed  various  portions  of  soil  being  raised  or  sunk,  and  in- 
numerable fissures  traversing  die  country  in  all  directions.  (See  Fig.  5!.) 
Along  Ihe  fl  nks  nf  u  small  valky  in  this  district  there  appears  lo  have 
been  an  almost  unmiernipied  Ime  of  landslips 
Fg  o2 


Landslip)  near  Cinjuefrojidi,  cauitd  iy  lAe  tarthjaakt  of  1783. 

Number  of  new  formed  lakes. — Vivenzio  states,  that  near  Silizzano  ■ 
valley  was  nearly  tilled  up  lo  a  level  with  the  high  grounds  on  each  side, 
by  the  enormous  masses  ilctacheil  from  ilic  boiimlary  hills,  and  casi  down 
into  the  course  of  iwo  sireama.  By  this  barrier  a  lake  was  formed  of 
great  depiii,  about  iwo  miles  long  and  a  mile  broad.  The  same  authtw 
mentions  that,  upon  the  whole,  there  were  fifty  lakes  occasioned  during 
the  convulsiiiuH  ;  anU  he  assigns  localities  to  all  of  these.  The  govern- 
ment surveyors  enumerated  2t&  lakes,  but  they  included  in  this  number 
many  small  ponds. 

Currents  of  muil. — Near  S.  Lucido,  among  other  places,  the  soil  is 
described  as  having  been  "  dissolved,"  so  tlial  large  torrents  of  mud  in- 
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ndated  all  the  low  graunila,  like  lava.  Juat  emerging  from  this  mud,  the 
ip<  only  of  trees  and  of  the  ruJna  of  farmhouaes  were  seen.  Two  milaa 
wm  Laureana,  the  awampf  soil  in  two  ravinea  became  filled  with  cal- 
ireoua  matter,  which  oozed  out  from  the  ground  immediately  before  the 
rat  great  ahock.  Thia  mud  rapidly  accumulatmg  began  ere  long  to 
dU  onward,  like  8  flood  of  lava  into  the  valley  where  the  two  a  (reams 
niting,  moved  forward  with  mcreaaed  impetus  from  eaat  to  weat  It 
low  presented  a  breadth  of  ^25  feet  by  fifteen  in  depth  and  before  it 
eased  to  move,  covered  a  surfjce  equal  in  length  to  an  Ital  an  mito  In 
U  progress  it  overwhelmed  a  flock  of  thirty  goats  and  tore  upl  by  the 
Wta  many  olive  and  mulberry  treea   which  floated  like  ahipe  upon  its 

Ft   •>3 
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mrface.  When  this  calcareoua  lava  had  ceased  to  move,  ii  gradually 
tecame  dry  and  hard,  during  whinh  proceaa  the  mass  was  lowered  seven 
ret  and  a  half.  Ii  cimiained  fra^menta  of  earlh  of  a  ferruginous  colour, 
ind  emiuiiig  a  snlphiircuus  smell. 

Cones  of  aand  thrown  vp  — Many  of  the  appearances  exhibited  in  the 
illnvial  plains  in Jicaie  dearly  the  aliernaie  rising  and  sinking  of  the  ground. 
The  first  eflect  uf  (lie  mure  violent  shncks  wiis  usunlly  lo  dry  up  the 
ivers,  but  they  immtdiatcly  afterwards  uverliowed  their  banks.  Along 
he  alluvial  plains,  and  in  marsliy  places,  an  immense  number  of  cones 
)r  Band  were  thrown  up.  These  appearances  Hamilton  explains,  by 
luppoaing  that  the  first  movement  raised  the  liasured  plain  from  below 
ipwards,  so  that  the  riverc  and  atagnant  waters  in  boga  sank  down,  or  at 
caBl  were  not  upraised  with  the  soil.     But  when  the  ground  returned 
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vith  violence  to  its  former  position,  the  water  was  tiirowa  up  in  jell 
through  fissures.* 

Formalion  0/ circular  koUotet. — In  the  report  of  the  Academy,  wefisd 
that  BDine  plains  were  covered  with  circular  hollows,  for  the  moct  put 
about  the  size  of  carriage-wheels,  but  oflcn  somewhat  larger  or  BniiUir. 
When  filled  with  water  to  within  a  Tool  or  two  of  the  surface,  they  ap- 
peared like  welU ;  but,  in  genera!,  ihe.v  were  Riled  with  dry  sand,  Mme- 
tiraes  with  a  concave  surface,  and  at  other  times  convex.  (See  Pig.  51, 
p.  4U7.)  On  digging  down,  they  found  iliem  lobe  funnel-shaped,  and  the 
moist  loose  sand  in  the  centre  marked  the  tube  up  which  the  water  spouted. 
'I'lie  annexed  cut  (Pig.  51.)  represenU  a  seriinn  of  one  of  .these  inverted 
ronCG  when  the  water  had  disuppcared,  and  nothing  but  dry  i 
sand  remained. 


■Sretion  ofonr  of  the  circular  Holhto  formed  !»  ike  plain  of  Ratanu). 


Fall  of  the  sea  cliffy. — Along  the  sea-coast  of  the  Straits  of  Messini, 
near  ilic  celebrated  rock  of  Scilla,  the  (•A\  of  huge  masses  detached  from 
the  bold  and  lofty  clilTd  overwhelmed  many  villas  and  gardens.  At  Gian 
Grcro  a  cnntinuiius  line  of  rlilf,  for  a  mile  in  Icnglii,  was  thrown  down. 
Great  agjlailon  was  frequently  observed  in  the  bed  of  the  sea  during  the 
shncks,  and,  on  those  parta  of  the  coast  where  the  movement  was  most 
violent,  all  kiiiils  i)f  fisb  were  taken  in  abnndnnre,  and  with  unusual 
fiii-iliiy.  Wimie  rare  species,  as  that  e:illed  Cicirelli,  which  usually  lie 
buried  in  ilie  sand,  were  l;iken  on  the  surface  of  the  waters  in  great 
qiiaiiiiiy.  ThR  sea  is  said  to  liHve  boiled  up  near  Mesiinn,  and  to  have 
been  iifrilalcd  os  if  by  a  ciipioua  di.-cliarire  of  vapours  from  its  bollom. 

S/,orc  near  SrM/a  liwiJafed.—  VUe  JVince  of  Sciila  had  persuaded  • 
great  pari  of  his  vasijals  to  betake  themselves  to  ilieir  fiahing-boats  for 
safety,  and  he  himself  had  gone  on  board.  On  lite  night  of  the  5th  of 
FebruKry,  wlien  some  of  the  people  were  sleeping  in  the  boats,  and  others 
on  a  level  plain  slj[:liily  elevated  above  the  sea,  llic  earth  rocked,  and 
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saddenly  a  great  mass  was  torn  from  the  eontigaoas  Mount  Jaci,  and 
Arown  down  with  a  dreadful  crash  upon  the  plain.  Immediately  afVer^ 
wank,  tiro  eea,  rising  more  than  twenty  feet  above  the  level  of  .this  low 
Iraet,  rolled  foaming  over  it,  and  swept  away  the  multitude.  It  then  ra* 
treated,  but  soon  rushed  back  again  with  greater  violence^  bringing  with 
it  some  of  the  people  and  animals  it  had  carried  away.  At  the  same  tiatf 
every  boat  was  sunk  or  dashed  against  the  beach,  and  some  of  them  were 
•wept  far  inland.  The  aged  Prince,  with  1430  of  his  people,  was  de* 
•tioyed. 

State  of  StromboK  and  Etna  during  the  shocks.'^The  inhabitants  of 
Pixzo  remarked  that,  on  the  5  th  of  February,  1788,  when  the  first  great 
shock  afflicted  Calabria,  the  volcano  of  Stromboli,  which  is  in  full  view 
of  that  town,  and  at  the  distance  of  about  fifty  miles,  smoked  less,  and 
threw  up  a  less  quantity  of  inflamed  matter,  than  it  had  done  for  some 
years  previou^y.  On  the  olher  hand,  the  great  crater  of  Etna  is  said  to 
have  given  out  a  considerable  quantity  of  vapour  towards  the  beginning, 
and  Stromb<^  towards  the  close,  of  the  commotions.  But  as  no  eruption 
happened  from  either  of  these  great  vents  during  the  whole  earthquake, 
llie  sources  of  the  Calabrian  eonvulsions,  and  of  the  volcanic  fires  of  Etna 
and  Stromboli,  appear  to  be  very  independent  of  each  other ;  unless,  in* 
deed,  they  have  the  same  mutual  relation  as  Vesuvius  and  the  voleanos 
of  the  Phlegr»an  Fields  and  Ischia,  a  violent  disturbance  in  one  district 
serving  as  a  safety*valve  to  the  other,  and  both  never  being  in  full  activity 
at  once. 

Excavations  of  valleys,— *li  is  impossible  for  the  geologist  to  consider 
attentively  the  effect  of  this  single  earthquake  of  1783,  and  to  look  for- 
ward to  the  alterations  in  the  physical  condition  of  the  country  to  which 
m,  continued  series  of  such  movements  will  hereafler  give  rise,  without 
perceiving  that  the  formation  of  valleys  by  running  water  can  never  be 
smderstood,  if  we  consider  the  question  independently  of  the  agency  of 
•earthquakes.  It  must  not  be  imagined  that  rivers  only  begin  to  act  when 
a  counlry  is  already  elevated  far  above  the  level  of  the  sea,  for  their  aetion 
must  of  necessity  be  most  powerful  while  land  is  rising  or  sinking  by 
•oecessive  movements.  Whether  Calabria  is  now  undergoing  any  eon* 
«iderable  change  of  relative  level,  in  regard  to  the  sea,  or  is,  upon  the 
whole,  nearly  stationary,  is  a  question  which  our  observations,  confined 
almost  entirely  to  the  last  half  century,  cannot  possibly  enable  us  4o  de- 
iermtne.  But  we  know  that  strata,  containing  species  of  shells  identical 
wHh  those  now  living  in  the  contiguous  parts  of  the  Mediteiranean,  have 
lieen  raised  in  that  country,  as  they  have  in  Sicily,  to  the  height  of  several 
Ihousand  feet. 

Now,  those  geologists  who  grant  that  the  present  conrse  of  Natnre  in 
<he  inanimate  world,  has  continued  the  same  since  the  existing  species  of 
animals  were  tn  being,  will  not  feel  sorprise  that  die  Gabbrian  streams 
Vol.  I 8  B 
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iad.  riven  hivt  eul  oot  of  mioh  oomparatifdjr  modtm  stnte  »  gnti  fj^ 
ten  of  Ttlkytf  TmryiDg  in  depth  fron  fifty  to  liz  hvndiod  fiselt  and  oAw 
MTeral  miles  wide*  if  they  contider  how  nameroue  imiet  have  bees  At 
eMTthqoakes  which  lifted  Uioee  recent  marine  etrata  to  ao  prodigioai  a 
height  Some  epeeolatorst  indeed,  who  dieregard  iba  anakgy  of  exielieg 
Natore,  and  who  are  alwajra  ready  to  aeeaoie  thit  her  fiweea 
energetie  in  by-gone  agee«  may  diapenae  with  a  long  aeriea  of 
and  eappoae  that  Calabria  •*  torn  like  an  exhalation"  from  the.  deep*  ate 
the  manner  of  Milton's  Pandemonium.  Bnt  soeh  an  hypotheaia  weald 
deprtTO  them  of  that  peculiar  removing  force  reqniied  to  form  a  legobr 
ajrstero  of  deep<and  wide  valley s ;  for  ltiiis»  which  they  are  ao  imwilliBg 
te  awumCf  is  essenlial  to  the  operatioB*.  Time  moat  be  allowed  in  the 
mtenraU  between  distinct  conTulsiona»  for  running  water. to  dear  away 
the  ruins  eauaed  by  landslips,  otherwise  the  fallen  masaea  will  aarse  sa 
battiesaes,  and  prevent  the  succeeding  earthquake  fiom  exerting  ita  fidl 
power.  The  sides  of  the  valley  must  be  again  cut  away  by  the  atteaa, 
and  made  to  form  precipicea  and  overhanging  diflstbafom  the  next  ahoek 
can  take  effect  in  the  aame  manner. 

Possibly  the  direction  of  the  succeeding  shock  amy  nol  eoineide  wiih 
that  of  the  valley ,  a  great  extent  of  adjacent  eoonliy  being  equally  ahaksa. 
Still  it  will  usually  happen  that  no  permanent  geognphical  rhiiyi  wiD 
be  produced  except  in  vallejra.  In  them  dona  will  oocnr  landdipa  bom 
the  boundary  cltffst  end  these  will  frequendly  divert  the  atieam  from  its 
accustomed  course,  causing  the  origiud  ravine  to  become  both  widsr 
and  more  tortuous  in  its  direction. 

If  a  single  convulsion  of  extreme  violence  should  agitate  at  once  la 
entire  hydrographical  basin*  or  if  the  shocks  should  follow  each  other  toe 
rapidly,  the  previously  existing  valleys  woiUd  be  annihilated,  inalead  of 
being  modified  and  enlarged.  Every  stresm  might  in  that  case  be  coah 
polled  to  begin  its  operations  anew,  and  to  shape  out  new  channdsy  ia- 
atead  of  continuing  to  deepen  and  widen  those  dready  excavated.  Bat 
if  the  subterranean  movements  have  been  intermittent;  and  if  aufficient 
periods  have  dways  intervened  between  the  severer  shocks  to  dlow  the 
drainage  of  the  country  to  be  nearly  restored  to  its  origind  state«  then  are 
both  the  kind  and  degree  of  force  supplied  by  which  running  water  oiay 
hollow  out  valleys  of  any  depth  or  size  consistent  with  the  elevation  ahore 
the  sea  which  the  districts  drained  by  them  may  have  attained. 

When  we  read  of  the  drying  up  and  desertion  of  the  channda  of  river^ 
the  accounts  most  frequently  refer  to  their  deflection  Into  some  other  pari 
of  the  same  alluvial  plain*  perhaps  several  miles  distant.  Under  certain 
circumstances,  a  change  of  level  may  undoubtedly  force  the  water  to  flow 
over  into  some  distinct  hydrographicd  basin ;  but  even  then  it  will  All 
immediately  into  some  other  system  of  vdleys  dready  formed. 

We  learn  from  history  that,  ever  since  the  first  Greek  colonists  settled 
in  Calabria,  that  region  has  been  subject  to  devastation  by  earthqjnakss^ 
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and,  for  the  last  century  and  a-half,  ten  years  ha^e  seldom  elapsed  wiih- 
eot  a  shock :  but  the  severer  convulsions  have  not  only  been  separated 
by  intervals  of  twenty,  fifty,  or  one  hundred  years,  but  have  not  affected 
precisely  the  same  points  when  they  recurred.  Thus  the  earthquake  of 
1783,  although  confined  within  the  same  geographical  limits  as  that  of 
1038,  and  not  very  inferior  in  violence,  visited,  according  to  Grimaldi, 
very  different  districts.  The  points  where  the  local  intensity  of  the  force 
is  developed  being  thus  perpetually  varied,  more  time  is  allowed  for  the 
removal  of  separate  mountain  masses  thrown  into  river  channels  by  each 
shock. 

When  chasms  and  deep  hollows  open  at  the  bottom  of  valleys,  they 
nust  often  be  filled  with  those  *'  nud  lavas'*  before  described ;  and  these 
nnst  be  extremely  analagous  to  the  enormous  ancient  deposits  of  mud 
which  are  seen  in  many  countries,  as  in  the  basin  of  the  Tay,  Isla,  and 
North  Esk  rivers,  for  example,  it)  Scotland— alluvions  hundreds  of  feet 
ihiek,  which  are  neither  stratified  nor  laminated  like  the  ordinary  sedi- 
ment which  subsides  from  water.  Whenever  a  landslip  blocks  up  a 
river,  these  currents  of  mud  will  be  arrested,  and  accumulate  to  an  enor- 
noas  depth. 

The  portion  of  the  Calabrian  valleys  formed  within  the  last  three 
thousand  years  may  be  inconsiderable  in  amount,  compared  to  that  pre* 
Tiously  formed,  just  as  the  lavas  which  have  flowed  from  Etna  since  the 
historical  era  constitute  but  a  small  proportion  of  the  whole  cone.  But  as 
m  continued  series  of  such  eruptions  as  man  has  witnessed  would  repro- 
duce another  cone  like  Etna,  so  a  sufficient  number  of  earthquakes  like 
that  of  1783  would  enable  torrents  and  rivers  to  re-excavate  all  the  Cala- 
brian valleys,  if  they  were  now  to  be  entirely  obliterated.  It  must  be 
evident  that  more  change  is  effected  in  two  centuries  in  the  width  and 
depth  of  the  valleys  of  that  region,  than  in  many  thousand  years  in  a 
Montry  as  undisturbed  by  earthquakes  as  Great  Britain.  For  the 
same  reason,  therefore,  that  he  who  desises  to  comprehend  the  volcanic 
phenomena  of  Central  France  will  repair  to  Vesuvius,  Etna,  or  Heda, 
•o  they  who  aspire  to  explain  the  mode  in  which  valleys  are  formed, 
must  visit  countries  where  earthquakes  are  of  frequent  occurrence.  For 
we  may  be  assured,  that  the  power  which  uplifted  our  more  ancient  ter- 
tiary strata  of  marine  origin  to  more  than  a  thousand  feet  above  the  level 
of  the  sea,  co-operated  at  some  former  epoch  with  the  force  of  rivers  in 
the  removal  of  large  portions  of  rock  and  soil,  just  as  the  elevatory  power 
which  has  upraised  new  strata  to  the  height  of  several  thousand  feet  in 
ibe  south  of  Italy  has  caused  those  formations  to  be  already  intersected 
by  deep  valleys  and  ravines. 

Nttmber  of  persona  who  perished  during  the  earthquake, — The  num- 
ber of  persons  who  perished  during  the  earthquake  in  the  two  Calabrias 
and  Sicily  is  estimated  by  Hamilton  at  about  forty  thousand,  and  about 
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ftwmtj  UuNMUid  anm  dM  by  •pidemici,  whieb  wwi  eaoMd  by 
fknt  aoariahiiieiitt  exposora  to  the  almoipbtret  tnd  MthriSf  ariHiif  fimi 
ti|6  i«w  atagiumt  lakes  end  poole* 

By  far  the  greater  Dpniber  were  buried  under  the  niae^  tlwir  hoiiaai} 
|«t  flMny  were  bnrat  to  death  in  the  eenflagntiona  vhieb  abnoet  'tm 
faly  IbUowed  the  abocka.    Theae  firee  raged  die  mora  weiaally  m 
eitiea»  aneb  aa  Oppido,  froni  the  immeoae  magaunee  of  oil  wbieh 
eonaomeda 

Many  peraona  were  engoUBd  in  deep  fiaanreat  eapeeiaUy  the 
when  flying  aeroaa  the  open  eonntry,  and  their  akeletiHia  may  pecfaapa  ba 
buried  in  the  earth  to  thia  day,  al  the  depth'of  aeieral  hudsed  ftec 
.  When  Dotomiea  Tiaited  Meaaiaa  aOer  the  akoek  of  Pbhroaiy  6di»  he 
deaeribea  the  dty  aa  atiU  preaentiiig,  atleaat  al  a  diatnee,  as  iaipaihnt 
ioMge  of  ita  ancient  aplendoar.  Every  hoeee  waa  iqarodt  bnl  the  walla 
were  atandiag:  the  whole  population  had  taken  lefoga  in  wooden  brtiin 
the  neighbourhood,  and  aU  waa  aelitnde  and  ailenee  in  1^  eireela.:  il 
aeemed  aa  If  the  dty  had  been  deeolated  by  the  plagae»  and  the  iaipiaaa- 
ian  made  upon  hia  teiinga  waa  that  of  BMdanehety  and  eadneaa.  **BHt 
when  I  paaaed  over  to  Calabria,  and  first  beheld  Poliatena»  the  eeene  ef 
horror  ahnoat  deprived  me  of  my  iaeoltiea;  my  aaind  wee  filled  with 
mingled  compassion  and  terror;  ikKlung  had  eaeaped ;  aU  waa  lafaUsd 
with  thedoat;  not  a  single  house  or  piece  of  wall  femaieedi  on  ell  aides 
were  heapa  of  atone  ao  destitute  of  form,  that  they  gate  no  eonceptianef 
there  ever  having  been  a  town  on  the  spot  The  stench  of  the  dead 
bodies  still  rose  from  the  ruins.  I  conversed  with  many  peraona  who  had 
been  buried  for  three,  four,  and  even  for  five  daya ;  I  qoeationed  tham 
respecting  their  sensations  in  so  dreadful  a  situation,  and  they  egreod 
that,  of  dl  the  physical  evils  they  endured,  thirst  waa  the  meet  intoleia- 
ble;  and  that  their  mental  agony  was  increased  by  the  idea  thai  thsf 
were  abandoned  by  their  frienda,  who  might  have  rendered  them  aaaiair 
ance."» 

It  ia  aupposed  that  about  a  fourth  part  of  the  inhabitants  of  PoUstent, 
and  of  some  other  towns,  were  buried  alive,  and  might  have  been  aavsd 
had  there  been  no  want  of  hands ;  but  in  so  general  a  calanuQr»  where 
each  waa  occupied  with  his  own  misfortunes,  or  these  of  bis  family,  aid 
could  rarely  be  obtained.  Neither  tears,  nor  supplicationa,  nor  promisss 
of  high  rewards,  were  listened  to.  Many  acts  of  self-devotion,  prompted 
by  parental  and  conjugal  tenderness,  or  by  friendship,  or  the  gratitude  ef 
faithful  servants,  are  recorded;  but  individaal  exertions  were,  for  the 
most  part,  ineffectual.  It  frequently  happened,  that  persons  in  search  of 
those  most  dear  to  them  could  hear  their  moansr— could  reeogniee  their 

*  DiMertatioii  on  the  Cahdnun  Earthquake,  &c.,  translated  in  Pinkertoa*!  Voj^ 
ases  andTiavels,  vol.  v. 
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foioes,— were  certain  of  the  exact  spot  where  they  lay  buried  beneath 
their  feet,  yet  conld  afford  them  no  succour.  The  piled  mass  resisted  all 
their  strength,  and  rendered  their  efforts  of  no  avail. 

At  Terranuova,  four  Augustin  monks,  who  had  taken  refuge  in  a 
vmlted  sacristy,  the  arch  of  which  continued  to  support  an  immense  pile 
of  rains,  made  their  cries  heard  for  the  space  of  four  daya.  One  only  of 
ibe  brethren  of  the  whole  convent  was  saved,  and  '*  of  what  avail  was 
his  strength  to  remove  the  enormous  weight  of  rubbish  which  had  over- 
whelmed his  companions  ?"  He  heard  their  voices  die  away  gradually ; 
and  when  afterwards  their  four  corpses  were  disinterred,  they  were  found 
elapsed  in  each  other's  arms.  Affecting  narratives  are  preserved  of 
mothers  saved  after  the  fifth,  aixth,  and  even  seventh  day  of  their  inter- 
ment, when  their  infants  or  children  had  perished  with  hunger. 

It  might  have  been  imagined  that  ihe  sight  of  sufferings  such  as  these 
vonld  have  been  sufficient  to  awaken  sentiments  of  humanity  and  pity  in 
Ihe  most  savage  breasts,  but  nothing  could  exceed  the  atrocity  of  conduct 
and  moral  depravity  displayed  by  ihe  Calabrian  peasants :  tiiey  aban- 
doned the  farms,  and  flocked  in  great  numbers  into  the  towns — not  to 
lescue  their  countrymen  from  a  lingering  death,  but  to  plunder.  They 
dashed  through  the  streets,  fearless  of  danger,  amid  tottering  walls  and 
doads  of  dust,  trampling  beneath  their  feet  the  bodies  of  the  wounded 
and  half  buried,  and  often  stripping  them^  while  yet  living,  of  their 
clothes.* 

Concluding  remarks. — ^But  to  enter  more  fully  into  these  details  would 
be  foreign  to  the  purpose  of  the  present  work,  and  several  volumes  would 
be  required  to  give  the  reader  a  just  idea  of  the  sufferings  which  the 
inhabitants  of  many  populous  districts  have  undergone  during  the  earth- 
quakes of  the  last  140  years.  A  bare  mention  of  the  loss  of  life — as  that 
fifty  or  a  hundred  thousand  souls  perished  in  one  catastrophe— conveys 
to  the  reader  no  idea  of  the  extent  of  misery  inflicted :  we  must  learn, 
ikom  the  narratives  of  eye-witnesses,  the  various  forms  in  which  death 
was  encountered,  the  numbers  who  escaped  with  loss  of  limbs  or  serious 
bodily  injuries,  and  the  multitude  who  were  suddenly  reduced  to  penury 
and  want.  It  has  been  often  remarked,  that  the  dread  of  earthquakes  is 
strongest  in  the  minds  >of  those  who  have  experienced  them  most  fre- 
quently ;  whereas,  in  the  case  of  almost  every  other  danger,  familiarity 
witli  peril  renders  men  intrepid.  The  reason  is  obvious — scarcely  any 
part  of  the  mischief  ^prehended  in  this  instance  is  imaginary  ;  the  first 
shock  is  often  the  most  destructive  ;  and,  as  it  may  occur  in  the  dead  of 
the  night,  or  if  by  day,  without  giving  the  least  warning  of  its  approach, 
no  forethought  can  guard  against  it ;  and  when  the  convulsion  has  begun, 
no  skill,  or  courage,  or  presence  of  mind,  can  point  out  the  path  of  safety. 
During  the  intervals,  of  uncertain  duration,  between  the  more  fatal 

*  Dolonueu,Jbid. 
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■hocka,  iligfat  trmnon  of  the  lotl  an  not  nnfnqiflntt  and  h 
limM  preeeda  more  fi^iWnt  eoDTstiioni,  thay  bAooma  a  loaiM  of  uuirtf 
and  alarm.  The  urot  ariiiag  from  Ihiaeaiua  aloM  iaofitaalf  noiaaub 
aiderablfl  eriL 

Although  tflBtimenta  of  pme  religion  ar«  ftsqnendy  awakened  bj  thm 
awful  Tiaitationa>  yW  *■  noie  commonly  find  that  an  habilnal  ataMrf 
fear,  a  nnte  of  halpleanieaa;  and  a  belief  in  the  fntUity  of  alt  bnmaa  it 
ertioMi  prapare  the  minda  of  the  Tulgir  for  the  infinenea  of  n  denionIiiiB|  , 
■upentition.  V 

When  earthqnikea  are  ficquentt  there  can  never  be  peffbot  euuiiily  of 
property  ander  the  bectgoTemraenti  indaitry  cannot  be  aaaqied  of  wap- 
ing  the  fruita  of  ita  laboqr  |  and  the  noat  daring  aeta  of  onlrags  muf  s^ 
cBiionally  be  peipetrated  with  imitttiity,  when  the  am  of  the  law  ii 
paralyaed  by  the  general  oonatemadon.  It  ia  hardly  napeaanry  to  add, 
that  the  progreea  olf  civilisation  and  nadonal  wealth  nnat  be  iMnidad  by 
MnTolaiona  which  level  eiliae  to  the  ground,  deatray  haiboon,  nadir 
roada  impaamble,  and  eanae  the  moat  cultivated  .vaUeyidsiaB  to  boeer> 
ered  with  lakea,  or  the  mine  of  adjoining  hilla. 

Thoaa  geologifta  who  imagine  that,  at  remote  peiioda,'  ors  mna  bMana 
a  aojoamer  on  earth,  the  voloanie  agency  was  more  enargnliB  tbaa  B>W| 
ahould  be  careful  to  found  their  opinion  on  alriet  gwdoipeel  ovideaea,  nA 
not  permit  themaelvea  to  be  biaaaed,  u  they  have  often  baeb,  by  a  natiaii) 
that  the  dUttirbing  force  would  probably  be  mitigated  for  the  aalca  of  Ban. 

I  shall  endeavour  to  point  out  in  the  sequel,  that  the  general  undancy 
of  lubterranean  movements,  when  their  effecla  are  considered  for  a  anft 
eient  lapse  of  ages,  ia  eminently  beneficial,  and  that  they  conalitata  an 
essential  part  of  that  mechanism  by  which  the  integrity  of  the  habitaUa 
surface  is  preserved,  and  the  very  existence  and  perpetuation  of  dry  land 
secared.  Why  the  working  of  this  same  machinery  should  be  attended 
with  so  much  evil,  is  a  mystery  fsr  beyond  the  reach  of  oar  philosophy, 
and  must  probably  rematu  so  until  we  are  permitted  to  investigate,  not 
our  planet  alone  and  its  inhabitants,  but  other  parts  of  the  moral  and  ma- 
terial universe  with  which  they  may  be  connected.  Conld  onr  rarrey 
embrace  other  worlds,  and  the  events,  not  of  a  few  cenluries  only,  bnt  of 
periods  as  indefinite  as  those  with  which  geology  renders  us  familiar, 
some  apparent  con  trad  tctiona  might  be  reconciled,  and  aome  difficnhiaa 
would  doubtless  be  cleared  up.  But  even  then,  aa  onr  capacities  are 
finite,  while  the  scheme  of  the  universe  may  be  itmile,  both  in  time  and 
space,  it  is  presumptuous  to  suppose  that  all  sources  of  doubt  and  pe^ 
plexily  would  ever  be  removed.  On  the  contrary,  they  might,  perhaps, 
go  on  augmenting  in  number ;  for  it  has  been  justly  said,  that  the  greater 
the  circle  of  light,  the  greater  the  boundary  of  darkneaa  by  which  It  b 
aurrounded.* 

*  Kr  H.  Dsvj,  ConaoUtioB*  in  Travel,  p.  SI6. 
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CHAPTER  XVI. 

EABTHQUAKSS  OF   TUB   EIGHTEENTH   CENTITET— COIl/mUeJ. 

Eirlhqaake  of  Goatimala,  1773 — Jaya,  1772 — ^Trancation  of  a  lofly  cone — St.  Do" 
min^i  1770 — Colombia,  1766 — Lisbon,  ]755^Sbocki  felt  throughout  Europe, 
Northern  Africa,  and  the  Weit  Indies — Great  wave  (p.  414.) — Conception  Bay, 
1750— Permanent  elevation— Peru,  1746— Kamtschatka,  1737— Java,  1699  (p.  417.) 
—Rivers  obstructed  by  landslips— Subsidence  in  Sicily,  1693 — Moluccas,  1693 — 
Jamaica,  1692 — Large  tracts  engulfed — Portion  of  Port  Royal  sunk — Amount  of 
change  in  the  last  140  years — Elevadon  and  subsidence  of  land  in  Bay  of  Baioa 
(p.  426.) — Evidence  of  the  same  afforded  by  the  Temple  of  Serapis. 

In  the  preceding  chapters  we  have  considered  a  small  part  of  those  earth* 
quakes  only  which  have  occurred  during  the  last  fifty  years,  of  which 
accurate  and  authentic  descriptions  happen  to  have  been  recorded.  We 
may  next  proceed  to  examine  some  of  earlier  date,  respecting  which  in- 
formation of  geological  interest  has  been  obtained. 

MexicOf  June^  1773. — The  town  of  Guatimala  was  founded,  in  1742, 
on  the  side  of  a  volcano,  in  a  valley  about  three  miles  wide,  opening  to 
the  South  Sea ;  nine  years  afterwards  it  was  destroyed  by  an  eartli quake, 
and  again,  in  1773,  during  an  eruption  of  the  volcano.  The  ground  on 
which  the  town  stood  gaped  open  in  deep  fissures,  until  at  length,  after 
five  days,  an  abyss  opened,  and  the  city,  with  all  its  riches,  dnd  eight 
thousand  families,  was  swallowed  up.  Every  vestige  of  its  former  ex- 
istence was  entirely  obliterated,  and  the  spot  is  now  indicated  by  a  fright* 
fol  desert,  four  leagues  distant  from  the  present  town.* 

Java^  1772 — Druncation  of  a  lofty  cone. — In  the  year  1772,  Papan- 
dmyang,  formerly  one  of  the  loftiest  volcanos  in  the  island  of  Java,  was  in 
eruption.  Before  all  the  inhabitants  on  the  declivities  of  the  mountain 
eould  save  themselves  by  flight,  the  ground  began  to  give  way,  and  a 
great  part  of  the  volcano  fell  in  and  disappeared.  It  is  estimated  that  an 
extent  of  ground  of  the  mountain  itself  and  its  immediate  environs,  fifteen 
miles  long  and  full  six  broad,  was  by  this  commotion  swallowed  up  in 
the  bowels  of  the  earth.  Forty  villages  were  destroyed,  some  being 
engulfed  and  some  covered  by  the  substances  thrown  out  on  this  occasion, 
and  2957  of  the  inhabitants  perished.  A  proportionate  number  of  cattle 
were  also  killed,  and  most  of  the  plantations  of  cotton,  indigo,  and  cofifee 
in  the  adjacent  districts  were  buried  under  the  volcanic  matter.  This 
catastrophe  appears  to  have  resembled,  although  on  a  grander  scale,  that 
of  the  ancient  Vesuvius  in  the  year  79.    The  cone  was  reduced  in  height 


*  Von  Hoff— Dodsley's  Aan.  Regist,  vol.  zvi.  p.  149. 
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fhwnine  thonaaiid  lo  dbMI  tn%  thontaiid  feet^lfpd,  m  vapoon  ili 
eteape  from' the  «nilBr.on  in  wumDit,  »  new  cone  nuij  one  day  riaa  oK 
•I  die  nini  of  the  aooiaiil  mottntiuit  aa  the  modem  Vcaofiia  haa  riim 
imi  till  remaiiis  of  Somma.*    •  ^ 

Cmu^um9f  17TS.— AboQt  the  jrear  17n»  an  earthquake  OMiTidaed  dK 
lironnd  m  the  proTinee  at  Beahtan,  in  thf  Oaneaeol^  ao  dbl|gj|tort  of  thp 
hill  Bfetshnka  mink  into  an  abjras.t 

A.  Domingo^  jL770«— Daring  a  tremendona  eaigiqaeke  whioh  darimfi^ 
a  great  pari  of  St.  Domingo»  innameraUa  tnuiaa'^rwe  eaaaed  thaa^jfh* 
Mt  the  idand,,fiom  whieh  mephitte  vapoma  ewanatBd  and  produced  aa. 
epidemie.  Bm  9pring9  6oret  forth  in  many  jpfainea  ulnae  tlieva  had 
been  no  water  befoie  s  hot  after  a  tiam-they  eeaeed  to  flow4  ..  A 
^  Colombia,  1706.— On  tiip  Vet  oM)ctober/l760,  the.gmiiidJ|jj|U^ 
tmed  atonee  at  Cnmanat  at  C|uraeeai»  at  Blai^cabOi  and  ta  tber  M|||ref 
the  riven  Caaenare»  the  Bfata,  the  Ortaoeo»  and  the  Ventoaria. .  Tliiai 
distriete  were  mocb  fisannidt  uid  great  faUinga  in  of  the  eart&ioekphiiM 
in  the  mountain  Panrari :  Trimdad«waa  violently  ahakan.  ▲  awiltina 
in  the  Orinoco,  near  the  rook  Arafaaoto,  aonk  down  and^  diiappaail^i 
At  the  tame  time  the  ground  was  raised  in  the  aea  near  Cariaoa^  ^dM| 
the  Point  Del  Gardo  was  enlaiged.  A  rook  alao  roae  np  in  the'  ilvar 
Ouarapica,  near  the  village  of  Matarin.|  The  ahoeka  eontinaad  in  Oa» 
lombia  hourly  for  fourteen  mootha* 

IKndosianf  I7m^— The  town  of  Chittagongv  in  Bengal,  waa  iiu1sa% 
shaken  by  an  earthquake,  on  the  2d  of  April  1762,  the  earth  opening  ia 
many  places,  and  ihrowing  up  water  and  mud  of  a  sulphureous  amsD. 
At  a  place  called  Bardavan  a  large  river  was  dried  op ;  and  at  Baktf 
Churak,  near  the  sea,  a  tract  of  ground  sunk  down,  and  200  pecqda  with 
all  their  catUe  were  lost.  Unfathomable  chasms  are  described  aa  rei 
ing  open  in  many  places  after  the  shocks,  and  towns  which 
several  cubits  were  overflowed  with  water;  among  otherOf  Deep  fioag 
which  was  submerged  to  the  depth  of  seven  cubits.  Two  voleaooa  aie 
said  to  have  opened  in  the  Secta  Cunda  hills.  The  shock  waa  akw  idl 
at  Calcutta.^ 

LiiboHf  1766.— In  no  part  of  the  volcanic  region  of  aoathom  Emepa 
has  so  tremendous  an  earthquake  occurred  in  modem  timea  aa  that  whish 

*  Dr.  Honfield,  Bstay.  Tru».,  vol.  viii.  p.  26.  Dr.  H.  informa  me  that  he  hv 
seen  this  tnmeated  mountain :  and,  though  he  did  not  MoeDd  it,  he  has  ooBventi 
with  thoae  who  have  examined  it  Rafflea'a  account  (Histoiy  of  Java,  voL  L)  ii  d^ 
rived  from  Horsfield. 

t  Pallu'a  Travela  in  Southern  RoMia. 

t  Euai  aur  I'Hiit.  Nat  de  I'Ue  de  St  Domingoe,  Paris,  1776. 

§  Humboldt'a  Personal  Narrative,  vol.  iv.  p.  46;  and  Saggio  di  Sloria  AommMi 
vol.  il.  p.  6. 

II  Humboldt,Vojr.  Relatmflt,parti.  p.a07;  and  part  u.  p.  23. 

Y  Dodaley's  Ana.  Rq;wt,  176a.    fVur  olhsr  ptrtisnian  m  FhU.  Trans.,  vol.  liii. 
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began  on  the  Ist  of  November,  1755,  at  Lisbon.  A  sound  of  thunder 
was  heard  underground,  and  immediately  afterwards  a  violent  shock 
threw  down  the  greater  part  of  that  city.  In  the  course  of  about  six 
minutes,  sixty  thousand  persons  perished.  The  sea  first  retired  and  laid 
the  bar  dry ;  it  then  rolled  in,  rising  fifty  feet  or  more  above  its  ordinary 
level.  The  mountains  of  Arrabida,  Estrella,  Julio,  Marvan,  and  Cintra, 
being  some  of  the  largest  in  Portugal,  were  impetuously  shakent  as  it 
were,  from  their  very  foundations  ;  and  some  of  tliem  opened  at  their 
fommits,  which  were  split  and  rent  in  a  wonderful  manner,  huge  masses 
of  them  being  thrown  down  into  the  subjacent  valleys.'*^  Flames  are 
related  to  have  issued  from  these  mountains,  which  are  supposed  to  have 
been  electric;  they  are  also  said  to  have  smoked;  but  vast  clouds  of  dust 
may  have  given  rise  to  this  appearance. 

Subsidence  of  the  Quay. — The  most  extraordinary  circumstance  which 
occarred  at  Lisbon  during  the  catastrophe  was  the  subsidence  of  a  new 
quay,  built  entirely  of  marble  at  an  immense  expense.  A  great  concourse 
of  people  had  collected  there  for  safety,  as  a  spot  where  they  might  be 
beyond  the  reach  of  falling  ruins ;  but,  suddenly,  the  quay  sank  ddwn 
with  all  the  people  on  it,  and  not  one  of  the  dead  bodies  ever  floated  to 
jhe  surface.  A  great  number  of  boats  and  small  vessels  anchored  near 
it«  all  full  of  people,  were  swallowed  up,  as  in  a  whirlpool.t  No  frag- 
ments of  these  wrecks  ever  rose  again  to  the  surface,  and  the  water  in  the 
place  where  the  quay  had  stood  is  stated,  in  many  accounts,  to  be  un- 
imthomable;    but  Whitchurst  says  he  ascertained  it  to  be  one  hundred 

In  this  case,  we  must  either  suppose  that  a  certain  tract  sank  down  into 
m  subterranean  hollow,  which  would  cause  a  **  fault'*  in  the  strata  to  the 
depth  of  six  hundred  feet,  or  we  may  infer,  as  some  have  done,  from  the 
entire  disappearance  of  the  substances  engulfed,  that  a  chasm  opened 
and  closed  again.  Yet,  in  adopting  this  latter  hypothesis,  we  must  sup- 
pose that  the  upper  part  of  the  chasm,  to  the  depth  of  one  hundred 
fathoms,  remained  open. 

Area  over  which  the  earthquake  extended, — The  great  area  over  which 
this  Lisbon  earthquake  extended  is  very  remarkable.  The  movement 
was  most  violent  in  Spain,  Portugal,  and  the  north  of  Africa;  but 
nearly  the  whole  of  Europe,  and  even  the  West  Indies,  felt  the  shock  on 
the  same  day.  A  seaport,  called  St.  Ubes,  about  twenty  miles  south  of 
Lisbon,  was  engulfed.  At  Algiers  and  Fez,  in  Africa,  the  agitation  of 
the  earth  was  equally  violent ;  and  at  the  distance  of  eight  leagues  from 
Morocco,  a  village  with  the  inhabitants,  to  the  number  of  about  eight  or 

*  Hitt.  and  Philos.  of  Earthquakes,  p.  317. 

t  Rev.  C.  Davy's  Letters,  vol.  ii.  Ijetter  ii.  p.  12,  who  was  at  Lisbon  at  the  time, 
and  ascertained  that  the  boats  and  vessels  said  to  have  been  swallowed  were  missing. 
X  On  the  Formation  of  the  Earth,  p.  55. 
Vol.  L— 3  C 
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bn  fj^nniid  {^ertonst  together  with  all  their  eatliey  wefe  ewdlowed  ep. 
6oon  sl\er  the  earth  dosed  again  over  them. 

Shocks  fdi  ai  <ea.— The  shock  was  felt  at  sea*  on  the  deck  tff  a  ahip 
io  the  weal  of  Lisbon,  and  produced  very  much  the  aame  aenaatioii  aa  on 
iiry  land.  Off  St.  Lucar,  the  captain  of  the  ahIp  Naney  felt  hia  Teaad  so 
violently  shaken,  that  he  thought  she  had  struck  the  ground;  bnttOS 
heaving  the  lead,  found  a  great  depth  of  water.  Captain  Ciarkv  tnm 
beiiia,  in  latitude  88^  24'  N.,  between  nine  and  ten  ill  the  Burning,  had 
ilia  ship  shaken  and  atrained  aa  if  ahe  had  atnick  upon  a  mekv  ao  thai  th* 
aeaina  of  the  deck  opened,  and  the  eompaaa  waa  overturned  fci  the  bia- 
iiacte.  Another  ship,  forty  leaguea  weat  of  St.  Vincent,  experienced  sa 
violent  a  concuaaion,  that  the  men  were  thrown  a  foot  and  a-half  perpes- 
dicular  up  from  the  deck.  In  Antigua  and  Barbadoea,  aa  alab  hi  Norway, 
^wedenk  Germany,  Holtahd,  Coraica,  Swiizertand,  and  Italy,  Irattoia 
and  atigTit  oscillations  of  the  ground  were  felt 

JRale  at  which  the  moMneni  iravdled. — The  agitation  of  lakes,  rivets, 
^od  aprings,  in  Great  Bntaih,  w4a  remarkable.  At  Loeh  Lomood  in 
Scotland,  for  example,  the  water,  without  the  least  apparent  cmnae,  roae 
against  its  banks,  and  then  anbaided  below  ita  usual  level.  The  groaiesi 
perpendicular  height  of  this  a^ell  Waa  two  feet  four  indiea.  Il  ia  aaid 
that  the  movement  of  this  earthquake  waa  midulatory,  and  thai  it  tnveBed 
ait  the  rate  of  twenty  miles  a  minute,  i(a  velocity  being  calculated  by  the 
intervals  between  the  time  when  the  first  shock  waa  felt  at  Liabon,  iod 
its  time  of  occurrence  at  other  distant  places.* 

Great  wave  and  retreat  of  the  sea, — A  great  wave  swept  over  the 
coast  of  Spain,  and  it  is  said  to  have  been  sixty  feet  high  at  Cadiz.  At 
Tangier,  in  Africa,  it  rose  and  fell  eighteen  times  on  the  coast.  At  Fiin- 
ehal,  in  Madeira,  it  rose  full  fifteen  feet  perpendicular  above  high-water 
mark,  although  the  tide,  which  ebbs  and  flows  there  seven  feet,  waa  then 
at  half  ebb.  Besides  entering  the  city,  and  committing  great  havoc,  it 
overflowed  other  seaports  in  the  island.  At  Kinsale,  in  Ireland,  a  body 
of  water  rushed  into  the  harbour,  whiried  round  several  veaaela,  and 

I 

poured  into  the  market-place. 

It  was  before  stated  that  the  sea  first  retired  at  Lisbon ;  and  this  retreit 
of  the  ocean  from  the  shore,  at  the  commencement  of  an  earthquake  and 
its  subsequent  return  in  a  violent  wave,  is  a  common  occurrence.  Ia 
order  to  account  for  the  phenomenon,  Michell  imagined  a  subsidence  at 
the  bottom  of  the  sea,  from  the  giving  way  of  the  roof  of  some  cavity  in 
consequence  of  a  vacuum  produced  by  the  condensation  of  steam.  Such 
condensation,  he  observes,  might  be  the  first  efiect  of  the  introdnction 
of  a  large  body  of  water  into  fissures  and  cavities  already  filled  wiUi 

*  Micbell  on  'ttie  Cause  and  Phenomena  of  EarthquakM,  PUl.  Trans,,  voL  U.  pi 
566.    1760. 
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steam,  before  there  has  been  sufiicient  time  for  the  heat  of  the  incan* 
descent  lava  to  turn  so  large  a  supply  of  water  into  steam,  which  being 
soon  accomplished  causes  a  greater  explosion. 

Another  proposed  explanation  is,  the  sudden  rise  of  land,  which  would 
cause  the  sea  to  abandon  immediately  the  ancient  line  of  coast;  and  if  the 
shore,  after  being  thus  heaved  up,  should  fall  again  to  its  original  level^ 
the  ocean  would  return.  This  theory,  however,  will  not  account  for  the 
facts  observed  during  the  Lisbon  earthquake ;  for  the  retreat  preceded  the 
wave,  not  only  on  the  coast  of  Portugal,  but  also  at  the  island  of  N^adeira^ 
and  several  other  places.  If  the  upheaving  of  the  coast  of  Portugal  ha4 
caused  the  retreat,  the  motion  of  the  waters,  when  propagated  to  Madeira, 
would  have  produced  a  wave  previous  to  the  retreat,  ^or  could  the 
motion  of  the  waters  at  Madeira  have  been  caused  by  a  different  loca( 
earthquake;  for  the  shock  travelled  from  Lisbon  to  Madeira  in  two 
hours,  which  agrees  with  the  time  which  it  required  to  re^ch  other  places 
equally  distant.* 

The  following  is,  perhaps,  the  most  probable  solution  of  die  problei^ ' 
which  has  yet  been  offered : — Suppose  a  portion  of  the  bed  of  the  sea  to 
be  suddenly  upheaved,  the  first  effect  wiU  |>e  to  raise  over  the  elevate4 
part  a  body  qt  water,  the  momentum  of  which  will  carry  it  much  above 
the  level  it  will  afterwards  assume,  causing  a  draught  or  receding  of  the  . 
water  from  tlie  neighbouring  coasts,  followed  immediately  by  the  return 
of  the  displaced  water,  which  will  also  be  impelled  by  its  momentum^ 
much  farther  and  higher  on  the  coast  than  its  former  level.f 

Si,  Domingo^  1751. — On  the  fifteenth  of  Septembert  1751,  an  earth- 
quake began  in  several  of  the  West  India  Islands ;  and  on  the  twenty-firs( 
of  November,  a  violent  shock  destroyed  the  capital  of  St.  Domingo,  Port 
au  Prince.  Part  of  the  coast,  twenty  leagues  in  length,  sank  down,  an^ 
bss  ever  since  formed  a  bay  of  the  sea.;^ 

Chilis  1750. — On  the  twenty-fourth  of  ^fay,  1750,  the  ancient  town  of 
Conception,  otherwise  called  Penco,  was  totally  destroyed  by  an  earth* 
quake,  and  the  sea  rolled  over  it.  (See  plan  of  the  Bay,  Fig.  4?,  p.  378.) 
The  ancient  port  was  rendered  entirely  useless,  and  the  inhabitants  bnilt 
another  town  ten  miles  from  the  sea-coast,  in  order  to  be  beyond  the 
reach  of  similar  inundations. 

Proofs  of  elevation  of  twenty  four  feet. -^During  a  late  survey  of  ,Con* 
ception  Bay,  Captains  Beechy  and  Belcher  discovered  that  the  ancient 
harbour,  which  formerly  admitted  all  large  merchant  vessels  which  went 
round  the  Cape,  is  now  occupied  by  a  reef  of  sandstone,  certain  points  of 
which  project  above  the  sea  at  low  water,  the  greater  part  being  very 

•  MicheU,  Phil.  Trani.,  vol.  li.  p.  614. 
t  Quarterly  Review,  No.  86,  p.  450. 
t  Hist  de  r  Acid,  des  Sciences.  1752. 
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shallow.  A  tract  of  a  mile  and  a-half  in  length,  where,  according  to  the 
report  of  the  inhabitants,  the  water  was  formerly  four  or  fiye  fathoms  deep, 
is  now  a  shoal :  consisting,  as  our  hydrographers  found,  of  hard  sandstone, 
80  that  it  cannot  be  supposed  to  have  been  formed  by  recent  deposits  of 
the  river  Biobio,  an  arm  of  which  carries  down  loose  micaceous  sand  into 
the  same  side  of  the  bay.  Besides,  it  is  a  well-known  fact  that  ever  since 
the  shock  of  1750,  no  vessels  have  been  able  to  approach  within  a  mile 
and  a  half  of  the  ancient  port  of  Penco.  (See  Map,  p.  378.)  That  shock, 
therefore,  iiplifted  the  bed  of  the  sea  to  the  height  of  twenty-four  feet  at 
least,  and,  most  probably,  the  adjoining  coast  shared  in  the  elevation  ;  for 
an  enormous  bed  of  shells  of  the  same  species  as  those  now  living  in  the 
bay,  are  seen  raised  above  high-water  mark  along  the  beach,  filled  with 
micaceous  sand  like  that  which  the  Biobio  now  conveys  to  the  bay. 
These  shells,  as  well  as  others,  which  cover  the  adjoining  hills  of  mica- 
schist  to  the  height  of  1000  to  1500  feet,  have  lately  been  examined  by 
experienced  conchologists  in  London,  and  identified  with  those  taken  at 
the  same  time  in  a  living  state  from  the  bay  and  its  neighbourhood.* 

Ulloa,  therefore,  was  perfectly  correct  in  his  statement  that,  at  varioas 
heights  above  the  sea  between  Talcahuano  and  Conception,  "mines 
were  found  of  various  sorts  of  shells  used  for  lime  of  the  very  same 
kinds  as  those  found  in  the  adjcnning  sea."  Among  them  he  mentions 
the  great  muscle  called  Choros,  and  two  others,  which  he  describes. 
Some  of  these,  he  says,  are  entire,  and  others  broken  ;  they  occur  at  the 
bottom  of  the  sea,  in  four,  six,  ten,  or  twelve  fathom  water,  where  they 
adhere  to  a  sea-plant  called  Cochayuyo.  They  are  taken  in  dredges,  and 
have  no  resemblance  to  those  found  on  the  shore  or  in  shallow  water ; 
yet  beds  of  them  occur  at  various  heights  on  the  hills.  '*  I  was  the  more 
pleased  with  the  sight,"  he  adds,  **  as  it  appeared  to  me  a  convincing 
proof  of  the  universality  of  the  deluge,  although  I  am  not  ignorant  that 
some  have  attributed  their  position  to  other  causes  ;  but  an  unanswerable 
confutation  of  their  subterfuge  is,  that  the  various  sorts  of  shells  which 
compose  these  strata,  both  in  the  plains  and  mountains,  are  the  very  same 
with  those  found  in  the  bay."t  Perhaps  the  diluvian  theory  of  this  dis- 
tinguished navigator,  the  companion  of  Condamine,  may  account  for  his 
never  having  recorded  even  reports  of  changes  in  the  relative  level  of 
land  and  sea  on  the  shores  of  South  America.  He  could  not,  however, 
have  given  us  a  relation  of  the  rise  of  the  reef  above  alluded  to  ;  for  the 
destruction  of  Penco  happened  a  few  years  after  the  publication  of  his 
Voyages. 

If  we  duly  consider  these  facts,  so  recently  brought  to  light,  as  well  as 


*  Captain  Belcher  has  shown  me  these  shells,  and  the  collection  has  been  examin- 
ed by  Mr.  Broderip. 

t  UUoa's  Voyage  to  South  America,  yol.  ii.  book  viii.  ch.  vi. 
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the  elevations  before  mentioned  of  the  coast  of  Chili  in  1822  and  1835, 
we  shall  be  less  sceptical  than  Raspe,  in  regard  to  an  event  for  which 
Hooke  had  cited  Purchas's  Travels.  In  that  passage  it  was  stated,  that 
«*  a  certain  sea-coast  in  a  province  of  South  America,  called  Chili,  was, 
during  a  violent  earthquake,*  propelled  upwards  with  such  force  and  velo- 
city, that  some  ships  on  the  sea  were  grounded  in  it,  and  the  sea  receded 
to  a  distance."  Raspe,  being  himself  of  opinion  that  all  the  continents 
had  been  upraised  gradually  by  earthquakes  from  the  sea,  admitted  that 
the  circumstance  was  not  impossible  ;  but  he  complains  that  Purchas  had 
interpolated  the  account  of  the  earthquake  (which  happened,  probably,  at 
the  close  of  the  seventeenth  century)  into  Da  Costa's  History  of  the 
West  Indies.* 

Pern,  1746.— Peru  was  visited,  on  the  28th  of  October,  1746,  by  an 
earthquake,  which  is  declared  to  have  been  more  tremendous  and  exten- 
sive than  even  that  of  Lisbon  in  1755.  In  the  first  twenty-four  hours,  two 
hundred  shocks  were  experienced.  The  ocean  twice  retired  and  returned 
impetuously  upon  the  land :  Lima  was  destroyed,  and  part  of  the  coast 
near  Callao  was  converted  into  a  bay ;  four  other  harbours,  among  which 
were  Cavalla  and  Guanape,  shared  the  same  fate.  There  were  twenty- 
Aree  ships  and  vessels,  great  and  small,  in  the  harbour  of  Callao,  of 
which  nineteen  were  sunk ;  and  the  other  four,  among  which  was  a 
frigate  called  St.  Perm  in,  were  carried  by  the  force  of  the  waves  to  a 
great  distance  up  the  country.  The  number  of  the  inhabitants  in  this 
city  amounted  to  four  thousand.  Two  hundred  only  escaped,  twenty- 
two  of  whom  were  saved  on  a  small  fagment  of  the  fort  of  Vera  Cruz, 
which  remained  as  the  only  memorial  of  the  site  of  the  town  after  this 
dreadful  inundation. 

A  volcano  in  Lucanas  burst  forth  the  same  night,  and  such  quantities 
of  water  descended  from  the  cone  that  the  whole  country  was  overflowed ; 
and  in  the  mountain  near  Patao,  called  Conversiones  de  Caxamarquilla, 
three  other  volcanos  burst  out,  and  frightful  torrents  of  water  swept  down 
dieir  sides  .t 

KamtBehatka,  1737,  ^c. — There  are  records  of  earthquakes  in  Kamt- 
schatka  and  the  Kurile  Isles,  in  1737, — in  Martinique,  in  1727, — Ice- 
land, 1725, — T'eneriffe,  1706, — during  which  the  shape  of  the  ground 
both  above  and  beneath  the  level  of  the  sea  was  greatly  changed. 

Java^  1699. — On  Uie  5th  of  January,  1699,  a  terrible  earthquake 
visited  Java,  and  no  less  than  206  considerable  shocks  were  reckoned. 
Many  houses  in  Batavia  were  overturned,  and  the  flame  and  noise  of  a 
volcanic  eruption  were  seen  and  heard  in  that  city,  which  were  after- 
wards found  to  proceed  from  Mount  Salak,^  a  volcano  six  days*  journey 

*  De  Novii  Iniulii,  p.  120.    175:). 

t  Ulloa's  Voyage,  vol.  ii.  book  vii.  chap.  yii. 

X  MiMpelt  Sales  in  Hooke's  Aocoont. 
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d^BUnt.  Nwt  morniaf  die  Balavian  river,  whic!)  has  its  rise  from  lliai 
laountaia,  faecwno  vc?  high  and  muddy,  and  brought  dotvii  abundance 
ofbualin  and  inn,  half  burnt.  The  channel  of  the  river  being  Btoppcd 
np,  tb*  WBter  overflowed  the  country  roujid  the  gardens  about  the  town, 
end  «>««  of  the  Slieeti,  to  that  fishee  lay  dead  in  tliem.  All  tlie  fish  io 
Uv  river>  except  the  C«p«,  were  liilled  by  ilie  mud  and  turbid  water,  k 
sreat  punber  of  drawoed  buffalos,  tigers,  rhinoceroses,  deer,  apes,  and 
9(her  wild  beealli  were  twought  down  by  the  current ;  and,  "  notwitfi- 
•UndJnf,"  obeerree  one  or  the  writers,  "  that  a  crocodile  is  amphlbioni, 
•evend  of  ihew  wereftatul  dead  among  the  rest."* 

It  i«  etitadi  thtt  eevee  hills  bounding  the  river  sank  down,  by  whicb  ie 
merely  meant,  as  by  similar  exjiressJons  in  the  deecriplion  of  the  Cali- 
biiao  eulhqutkei,  lemi  great  landslips.  Tbese  bills,  descending  some 
froin  one  eide  of  the  villey  and  some  from  the  other,  filled  the  channel, 
fOd  (he  weters  iheD  finding  ilieit  way  under  the  mass,  flowed  out  tliirk 
end  mnddy.  The  Tugaran  river  was  also  dammed  up  by  nine  hills. 
end  in  its  ohsiUel^  were  targe  quanlilies  of  drift  trees.  Seven  of  iis 
Iribntariea  also  are  said  to  have  been  "  covered  up  with  earth."  A  high 
ttnct  of  (brost  Isndt  between  ihe  two  great  rivcra  before  mentioned,  is 
described  as  having  boen  changed  into  an  open  country,  destituio  of  trees, 
the  surface  being  spiead  over  with  a  fine  red  clay.  This  part  of  the 
account  may,  perhaps,  merely  refer  to  the  sliding  down  of  woody  tracts 
into  the  valleys,  u  happened  to  so  many  extensive  vineyards  and  olire 
grounds  in  Calabria,  in  1783.  The  close  packing  of  large  Ireca  in  the 
Batavian  river  ia  represented  as  very  remarkable,  and  il  attests  in  s 
striking  manner  the  destruction  of  soil  bordering  the  valleys  which  bad 
been  caused  by  floods  and  landslips.! 

^Uo,  lOOS. — In  Quito,  on  the  ISth  of  July,  1698,  during  an  aaith- 
quake,  a  great  part  of  the  cratsr  and  summit  of  the  volcano  Carguainio 
fell  in,  and  a  stream  of  water  and  mad  issued  liom  the  broken  sidoa  of 
the  hill.| 

Sicili/,  I  fi93.— Shocks  of  earthquakes  spread  over  all  Sicily  in  1693. 
and  on  the  11  th  of  January  the  city  of  Catania  and  forty-nine  oiher  places 
were  levelled  to  the  ground,  and  about  one  hundred  thousand  people  Ull- 
ed.  The  bottom  of  the  sea,  aays  Vicontlno  Bonsjutua,  sank  down  eea- 
siderably,  both  in  ports,  inclosed  bays,  and  open  parts  of  the  coast,  sad 
water  bubbled  up  along  the  shores.  Numerous  long  fissures  of  variops 
breadths  were  caused,  which  threw  out  sulphureous  water;  and  one  of 
them,  in  the  plain  of  Catania  (the  delta  of  the  Simeto),  at  the  -disUnoe  of 
four  miles  from  the  sea,  aenl  forth  water  as  salt  aa  the  aea.  The  sUHie 
buildings  of  a  street  in  the  ctty  of  Nuto,  for  the  length  of  half  a  mile,  sank 

■  Hooke'i  Foithaaoa*  Works,  p.  437.  ITDG.  I  FbiL  Trans.  1700. 

t  HomlMldt,  Atl.  Kt.,  p.  US. 
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into  the  ground,  and  remained  hanging  on  one  side.    In  another  street, 
kn  opening  large  enough  to  swallow  a  man  and  horse  appeared.* 

MoiuccaSf  1693. — The  small  isle  of  Sorea,  which  consists  of  one  great 
rolcano,  was  in  eruption  in  the  year  1693.  DifTerent  parts  of  the  cone 
fell,  one  after  the  other,  into  a  deep  crater,  nnttl  almost  half  the  space  of 
the  island  was  converted  into  a  fiery"  lake.  Most  of  the  inhabitants  fled 
to  Banda;  but  great  pieces  of  the  mountain  continued  to  fall  down,  so 
that  the  lake  of  lava  became  wider;  and  finally  the  whole  population  was 
compelled  to  emigrate.  It  is  stated  that,  in  proportion  as  the  burning 
lake  increased  in  size,  the  earthquakes  were  less  vehement.! 

Jamaica^  1602. — In  the  year  1692,  the  island  of  Jamaica  was  visited 
by  a  violent  earthquake ;  the  ground  was  swelled  and  heaved  like  a  roll- 
ing sea,  and  was  traversed  by  numerous  cracks,  two  or  three  hundred 
of  which  were  often  seen  at  a  time  opening  and  then  closing  rapidly 
again.  Many  people  were  swallowed  up  in  these  rents ;  some  the  earth 
eaught  by  the  middle,  and  squeezed  to  death  ;  the  heads  of  others  only 
appeared  above  ground ;  and  some  were  first  engulfed,  and  then  .cast 
op  again  with  great  quantities  of  water^  Such  was  the  devastation,  that 
even  at  Port  Royal,  then  the  capital,  where  more  houses  are  said  to  have 
been  lefi  standing  than  in  the  whole  island  beside,  three-quarters  of  the 
buildings,  together  with  the  ground  they  stood  on,  sank  down  with  their 
inhabitants  entirely  under  water. 

Subsidence  in  the  harbour. — The  large  store-houses  on  the  harbour 
side  subsided,  so  as  to  be  twenty-four,  thirty-six,  and  forty-eight  feet  un- 
der water;  yet  many  of  them  appear  to  have  remained  standing,  for  it  is 
stated  that,  after  the  earthquake,  the  mast-heads  of  several  ships  wrecked 
in  the  harbour,  together  with  the  chimney-tops  of  houses,  were  just  seen 
projecting  above  the  waves.  A  tract  of  land  round  the  town,  about  a 
thousand  acres  in  extent,  sank  down  in  less  than  one  minute,  during  the 
first  shock,  and  the  sea  immediately  rolled  in.  The  Swan  frigate,  which 
was  repairing  in  the  wharf,  was  driven  over  the  tops  of  many  buildings^ 
and  then  thrown  upon  one  of  the  roofs,  through  which  it  broke.  The 
breadth  of  one  of  the  Utireets  is  said  to  have  been  doubled  by  the  earth- 
quake. 

According  to  Mr.  De  la  Beche,  the  part  of  Port  Royal  described  as 
having  sunk,  was  built  upon  newly  formed  land,  consisting  of  sand  in 
which  piles  had  been  driven ;  and  the  settlement  of  this  loose  sand,  charged 
with  the  weight  of  heavy  houses,  may  have  given  rise  to  the  subsi- 
dences alluded  to.:(  There  can  be  no  doubt  that  a  waving  motion  of  the 
earth,  accompanied  by  an  inroad  of  the  sea,  might  affect  loose  sand,  while 
flolid  rock  might  remain  unmoved ;  but,  after  attentively  considering  the 

•  Phil.  Trans.  1693-4.  t  Ibid.  1693. 

t  Manual  of  Geol.,  p.  133,  second  edition. 
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original  docameots,  and  convening  with  persona  who,  ninety  years  after, 
saw  some  of  the  submerged  hooaes,  I  am  inclined  to  believe  that  there 
were  various  and  unequal  subsidences  of  the  land  at  Port  Royal,  inde- 
pendently of  any  sliding  and  undermining  of  the  sands. 

At  several  thousand  places  in  Jamaica,  the  earth  is  related  to  have 
opened.  On  the  north  of  the  island,  several  plantations,  with  their  in- 
habitants, were  swallowed  up,  and  a  lake  appeared  in  their  place,  cover- 
ing about  a  thousand  acres,  which  afterwards  dried  up,  leaving  nothing 
but  sand  and  gravel,  without  the  least  sign  that  there  had  ever  been  a 
house  or  a  tree  there.  Several  tenements  at  Yallowes  were  buried  under 
landslips ;  and  one  plantation  was  removed  half  a  mile  from  its  place,  the 
wops  continuing  to  grow  upon  it  uninjured.  Between  Spanish  Town  and 
Sixteen-mile  Walk,  the  high  and  perpendicular  clifis  bounding  the  river 
fell  in,  stopped  the  passage  of  the  river,  and  flooded  the  latter  place  for 
nine  days,  so  that  the  people  "  concluded  it  had  been  sunk  aiTPort  Royal 
was."  -But  the  flood  at  length  subsided,  for  the  river  had  found  some 
new  passage  at  a  great  distance.  ^ 

Mouniami  sAo/Zer ecf.— The  Blue  and  other  of  the  highest  mountains  are 
declared  to  have  been  strangely  torn  and  rent.  They  appeared  shattered, 
and  half-naked,  no  longer  affording  a  fine  green  prospect,  as  before,  but 
stripped  of  their  woods  and  natural  verdure.  The  rivers  on  these  moun- 
tains first  ceased  to  flow  for  about  twenty-four  hours,  and  then  brought 
down  into  the  sea,  at  Port  Royal  and  other  places,  several  hundred  thou- 
sand tons  of  timber,  which  looked  like  floating  islands  on  the  ocean.  The 
trees  were  in  general  barked,  most  of  their  branches  having  been  torn  oflf 
in  the  descent.  It  is  particularly  remarked  in  this,  as  in  the  narratives  of 
so  many  earthquakes,  that  fish  were  taken  in  great  numbers  on  the  coast 
during  the  shocks.  The  correspondents  of  Sir  Hans  Sloane,  who  collect- 
ed with  care  the  accounts  of  eye-witnesses  of  the  catastrophe,  refer  con- 
stantly to  subsidences f  and  some  supposed  the  whole  of  Jamaica  to  have 
sunk  down.* 

Reflections  on  the  amount  of  change  in  the  last  one  hundred  and  forty 
years. — I  have  now  only  enumerated  the  earthquakes  of  the  last  140 
years,  respecting  which  facts  illustrative  of  geological  inquiries  are  on 
record.  Even  if  my  limits  permitted,  it  would  be  a  tedious  and  unpro- 
fitable task  to  examine  all  the  obscure  and  ambiguous  narratives  of  similar 
events  of  earlier  epochs;  although,  if  the  places  were  now  examined  by 
geologists  well  practised  in  the  art  of  interpreting  the  monuments  of  phy- 
sical changes,  many  events  which  have  happened  within  the  historical 
era  might  still  be  determined  with  precision.  It  must  not  be  imagined 
that,  in  the  above  sketch  of  the  occurrences  of  a  short  period,  I  have 
given  an  account  of  all,  or  even  the  greater  part,  of  the  mutations  which 

*  PhU.  Tnns.  1694. 
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the  earth  hta  undergone  by  the  agency  of  subterranean  movementB.  Thus, 
for  example,  the  earthquake  of  Aleppo,  in  the  present  century,  and  of 
Syria,  in  the  middle  of  the  eighteenth,  would  doubtleas  have  afforded 
Dumeroue  phenomena,  of  great  geological  importance,  had  those  catas- 
trophes been  described  by  scientific  observers.  The  shocks  in  Syria,  in 
17599  were  protracted  for  three  months,  throughout  a  space  of  ten  thou- 
sand square  leagues ;  an  area,  compared  to  which  that  of  the  Calabrian 
earthquake  of  1783  was  insignificant.  Accon,  Saphat,  Balbeck,  Damas- 
cus, Sidon,  Tripoli,  and  many  other  places,  were  almost  entirely  levelled 
10  the  ground.  Many  thousands  of  the  inhabitants  perished  in  each ;  andt 
in  the  valley  of  Balbeck  alone,  twenty  thousand  men  are  said  to  have 
been  victims  to  the  convulsion.  In  the  absence  of  scientific  accounts,  it 
would  be  as  irrelevant  to  our  present  purpose  to  enter  into  a  detailed 
account  of  such  calamities,  as  to  follow  the  track  of  an  invading  army,  to 
enumerate  the  cities  burnt  or  rased  to  the  ground,  and  reckon  the  number 
of  individuals  who  perished  by  famine  or  tlie  sword. 

U^ficiency  of  hiaiorical  reconh. — If  such,  then,  be  the  amount  of 
aseertained  changes  in  the  last  140  years,  notwithstanding  the  extreme 
deficiency  of  our  records  during  that  brief  period,  how  important  must  we 
presume  the  physical  revolutions  to  have  been  in  the  course  of  thirty  or 
forty  centuries,  during  which  some  countries  habitually  convulsed  by 
earthquakes  have  been  peopled  by  civilized  nations !  Towns  engulfed 
during  one  earthquake  may,  by  repeated  shocks,  have  sunk  to  enormous 
depths  beneath  the  surface,  while  the  ruins  remain  as  imperishable  as  the 
hardest  rocks  in  which  they  are  enclosed.  Buildings  and  cities,  sub- 
merged, for  a  time,  beneath  seas  or  lakes,  and  covered  with  sedimentary 
deposits,  must,  in  some  places,  have  been  re-elevated  to  considerable 
heights  above  the  level  of  the  ocean.  The  signs  of  these  events  have, 
probably,  been  rendered  visible  by  subsequent  mutations,  as  by  the 
encroachments  of  the  sea  upon  the  coast,  by  deep  excavations  made  by  tor- 
rents and  rivers,  by  the  opening  of  new  ravines,  and  chasms,  and  other 
effects  of  natural  agents,  so  active  in  districts  agitated  by  subterranean 
movements. 

If  it  be  asked  why,  if  such  wonderful  monuments  exist,  so  few  have 
hitherto  been  brought  to  light,  we  reply — because  they  have  not  been 
searched  for.  In  order  to  rescue  from  oblivion  the  memorials  of  former 
occurrences,  the  inquirer  must  know  what  he  may  reasonably  expect  to 
discover;  and  under  what  peculiar  local  circumstances.  He  must  be 
acquainted  with  the  action  and  effect  of  physical  causes,  in  order  to  recog^ 
nise,  explain,  and  describe  correctly  the  phenomena  when  they  present 
themselves. 

The  best  known  of  the  great  volcanic  regions,  of  which  the  boundaries 
were  sketched  in  the  ninth  chapter,  is  that  which  includes  Southern 
Europe,  Northern  Africa,  and  Central  Asia ;  yet  nearly  the  whole,  even 
Vol.  I.— 8  D 
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of  thii  regioni  nnst  be  laU  down  id  a  geological  cnip,  u  "Tom  Incog- 
illu>"  Enn  CalBbriB  may  be  repnled  as  anexplitnd,  aa  alao  Spam. 
PoKngal,  the  Barbary  Stalea,  the  Ionian  Ulea,  iho  Horea,  Alia  SIJDor, 
Oyprna,  Byrik,  and  die  countrtea  between  die  Caapian  and  Blaek  Seti. 
We  ant  In  tnidi,  beginning  to  obtain  aeme  iniighl  into  one  anall  epoi  of 
dial  great  aone  of  vuleanie  diiiurbanoe,  the  diurict  aroand  Naples  i  i 
Mel  bj  no  meana  remarkable  for  the  *iolence  of  the  earthqnakea  whtch 
hare  eonTulaed  it. 

ir^  in  ihli  part  of  Campania,  we  are  enabled  to  eatabliah.  that  eonaider- 
able  changei  in  the  lelalive  level  of  land  and  sea  have  taken  plaee  since 
Ae  Christian  era,  it  is  all  that  we  could  have  expected  j  end  it  is  to 
iwcenl  anliqnariaa  and  geological  reeearoh,  not  to  history,  that  we  are  prin- 
elptllj  indriXed  for  the  information.  I  shall  now  proceed  to  lay  bcTuta 
the  reader  some  of  the  results  of  modem  inveatigationa  in  the  Bay  of 
Bai«  and  the  adjoining  coast 

moon  OF  ZLlTATtON  km  SOBSIDESCX  IK  TBS  BAt  OT  »UM. 

TlMpb  ff  Jtqnter  Serof^. — ^This  eelefarated  moamnent  of  antiquity 
tfftfds,  tn  ilsdf  alone,  uneqaivoeal  eridenee  that  Uie  relaiiTe  level  of  land 


Oromdflmi  tfllu  atoM  afOt  Bay  aJBaU,  «■  tht  mciroiw  o/ i'siwoK. 
and  sea  has  changed  twice  at  Puzzuoli  since  the  Christian  era ;  and  each 
movement,  both  of  elevation  and  subsidence,  lias  exceeded  twenty  feet. 
Before  examining  these  proofs,  I  may  observe,  that  a  geological  examina- 
tion of  the  coast  of  the  Bay  of  Baite,  both  on  the  nonh  and  south  of  l*ux- 
zuoli,  eatablishes,  in  the  most  SBliefactory  manner,  an  elevation,  at  no 
remote  period,  of  more  than  twenty  feel,  and,  at  one  point,  of  more  tlian 
ihirty  feet ;  and  the  evidence  of  this  change  would  have  been  GompletCt 
even  if  the  temple  bad,  to  this  day,  remained  undiacoveied. 
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Coasi  MOuth  of  PuzztiolL'^f  we  coagt  along  the  shore  from  Naples  to 
Puzzuoliv  we  fijid,  on  approaching  the  latter  place,  that  the  lofty  and  pr9- 
cipiloiui  cliffs  of  indurated  tuff,  resembling  that  of  which  Naples  is  |[>uill, 
retife  slightly  from  the  sea ;  and  that  a  low  level  tract  of  fertile  laud,  of  ^ 
feiy  different  aapect,  intervenes  between  the  present  sea*beach,  and  whai 
was  evidently  the  ancient  line  of  eoasL 

The  inland  cliff  may  be  seen  opposite  the  small  island  of  Nisidai  dboui 
two  miles  and  a  half  southeast  of  Puzzuoli,*  where,  at  the  height  of 
thiity«two  feet  above  the  level  of  the  sea,  Mr.  Babbage  obsjerved  an  ancient 
mark«  such  as  might  have  been  worn  by  the  waves ;  and,  upon  further 
6xamiiiation|  discovered  that,  along  that  line,  the  face  of  the  perpendicular 
rocky  consisting  of  very  bard  tuff,  was  covered  with  barnacles  (Baianuf 
$ukaiU9f  Lamk.),  and  drilled  by  boring  testacea.  Some  of  the  hollowi 
of  the  Lithodomi  contained  the  shells ;  while  others  were  filled  with  th^ 
valves  of  a  species  of  Arca.t  Nearer  to  Puzzuoli,  the  inland  cliff  is 
eighty  feet  high,  and  as  perpendicular  as  if  it  was  still  undermined  by  th^ 
wares.    At  its  base,  a  new  deposite,  constituting  the  fertile  tract  j^boFS 

Fig.  56. 


41.  Antiquities  on  hill  S.  £.  of  PuzsuolL 

b.  Ancient  cliff  now  inland. 

e.  Terrace  composed  of  recent  submarine  deposit. 

alluded  to,  attains  a  height  of  about  twenty  feet  above  the  sea ;  and,  since 
it  is  composed  of  regular  sedimentary  deposits,  containing  marine  shells, 
its  position  proves  that,  subsequently  to  its  formation,  there  has  been  a 
change  of  more  than  twenty  feet  in  the  relative  level  of  land  and  sea. 

The  sea  encroaches  on  these  new  incoherent  strata ;  and  as  the  soil  is 
valuable,  a  wall  has  been  built  for  its  protection  :  but  when  I  visited  the 
spot  in  1828,  the  waves  had  swept  away  part  of  this  rampart,  and  exposed 
to  view  a  regular  series  of  strata  of  tuff,  more  or  less  argillacepus,  alter- 
nating with  beds  of  pumice  and  lapilli,  and  containing  great  abundance  of 
marine  shells,  of  species  now  common  on  this  coast,  and  amongst  them 

*  See  Map,  PI.  IV.  Fig.  2,  facing  page  304. 

t  Mr.  Babbage  examined  this  spot  in  company  with  Mr.  Head,  in  June,  1828,  and 
htm  shown  me  nomeroas  specimens  of  the  shells  collected  here^  and  in  the  Temple  of 
49erapis. 
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Gardiam  imticnm,  Ostrea  ednlis,  Donax  tnincQloa  (Lamk.),  and  others. 
The  strata  vary  from  aboat  a  foot  to  a  foot  and  a-half  in  thieksea8«  and 
one  of  them  contains  abundantly  remains  of  works  of  art,  tiles,  sqnmretof 
mosaic  pavement  of  different  colours,  and  small  sculptured  ornaments, 
perfectly  uninjured.  Intermixed  with  these  I  collected  some  teeth  of  the 
pig  an  ox.  These  fragments  of  building  occur  below  as  well  as  abofs 
strata  containing  marine  shells.  Puzzuoli  itself  stands  chiefly  on  a  pro- 
montory of  the  older  tufaceous  formation,  which  cuts  off  the  new  deposit, 
although  I  detected  a  small  patch  of  the  latter  in  a  garden  under  the 
town. 

From  the  town  the  ruins  of  a  mole,  called  Caligula's  Bridge,  ran  out 
into  the  sea.  This  mole  consists  of  a  number  of  piers  and  arches ;  and 
Mr.  Babbage  found,  on  the  sixth  pier,  perforations  of  lithodorai  four  feet 
above  the  level  of  the  sea ;  and  near  the  termination  of  the  mole,  on  the 
last  pier  but  one,  marks  of  the  same  ten  feet  above  the  level  of  the  sea, 
together  with  great  numbers  of  balani  and  flustra. 

Coast  north  of  Puzzuoli, — ^If  we  then  pass  to  the  north  of  Puzzuoli, 
and  examine  the  coast  between  that  totwn  and  Monte  Nuovo,  we  find  a 
repetition  of  an^ogous  phenomena.  The  sloping  sides  of  Monte  Barbaro 
slant  down  within  a  short  distance  of  the  coast,  and  terminate  in  an  inland 
cliff  of  moderate  elevation,  to  which  the  geologist  perceives  at  once  that 
the  sea  must,  at  some  former  period,  have  extended.  Between  this  cliff 
and  the  sea  is  a  low  plain  or  terrace,  called  La  Starza,  corresponding  to 
that  before  described  on  the  south-east  of  the  town ;  and  as  the  sea 
encroaches  rapidly,  fresh  sections  of  the  strata  piay  readily  be  obtained, 
of  which  the  annexed  is  an  example : 

Fig.  57. 


a.  Remains  of  Cicero's  villa,  N.  side  of  Puzzuoli.* 
h.  Ancient  cliff,  now  inland. 
e.  Terrace  composed  of  recent  submarine  deposits. 
d.  Temple  of  Serapis. 

Section  on  the  shore  north  of  the  town  of  Puzzuoli : — 1 


1.  Vegetable  soil 


1      0 


•  The  spot  here  indicated  on  the  summit  of  the  cliff,  is  that  from  which  Hamilton's 
Yiew,  plate  26,  Campi  Phlegriei,  is  taken,  and  on  which,  he  obsenret,  Cicero's  villa, 
called  the  Academia,  anciently  stood. 
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FU  iii* 
^  Horizontal  beds  of  pumice  and  scoritB,  with  broken  firagments  of  un- 
rolled bricks,  bones  of  animalfl,  and  marine  ebeUs        -        -        -        •    1    6 

3.  Beds  of  lapilliy  containing  abundance  of  marine  shells,  principally  Car* 
dium  rusticum,  Donax  trnncnlas,  Lam.,  Ostrea  ednlis,  Triton  catap 
oeom,  Lam.,  and  Buccinnm  serratam,  Brocchi,  the  beds  Tarying  in 
thickness  from  one  to  eighteen  inches         - 10    0 

4.  Argillaceous  ^uff,  containing  bricks  and  fragn^ents  of  buildings  not 
rounded  bj  attrition 16 

The  thickness  of  many  of  these  beds  yaries  greatly  as  we  trace  them 
along  the  shore,  and  sometimes  the  whole  group  rises  to  a  greater  height 
than  at  the  point  above  described.  The  surface  of  the  tract  which  they 
eompose  appears  to  slope  gently  upwards  towards  the  base  of  the  old 
eliffs. 

Now,  if  these  appearances  presented  themselves  on  the  eastern  or 
southern  coast  of  England,  a  geologist  would  naturally  endeavour  to  seek 
an  explanation  in  some  local  depression  of  high  water  mark,  in  consequence 
of  a  change  in  the  set  of  the  tides  and  currents  :  for  towns  liave  been  built, 
like  ancient  Brighton,  on  sandy  tracts  intervening  between  the  old  cliff 
and  the  sea,  and,  in  some  cases,  they  have  been  finally  swept  away  by 
llie  return  of  Ihe  ocean.  On  the  other  hand,  the  inland  clifiT  at  Lowestoffcy 
in  Suffolk,  remains,  as  was  before  statefd,  at  some  distance  from  the  shore, 
and  the  low  green  tract  called  the  Ness  may  be  compared  to  the  low  flat 
ealled  La  Starza,  near  Puzzuoli.*  But  there  are  scarce  any  tides  in  the 
Mediterranean  ;  and,  to  suppose  that  sea  to  have  sunk  generally  from 
twenty  to  twenty-five  feet  since  the  shores  of  Campania  were  covered 
with  sumptuous  buildings,  is  an  hypothesis  obviously  untenable.  The 
observations,  indeed,  made  during  modern  surveys  on  the  moles  and 
cothons  (docks)  constructed  by  the  ancients  in  various  ports  of  the  Medi- 
terranean, have  proved  that  there  has  been  no  sensible  variation  of  level 
in  that  sea  during  the  last  two  thousand  years.t 

Thus  we  arrive,  without  the  aid  of  the  celebrated  temple,  at  the  conclu- 
sion, that  the  recent  marine  deposit  at  Puzzuoli  was  upraised  in  modem 
times  above  the  level  of  the  sea,  and  that  not  only  this  change  of  position, 
but  the  accumulation  of  the  modern  strata,  was  posterior  to  the  destruo- 
tion  of  many  edifices,  of  which  they  contain  the  imbedded  remains.  If 
we  now  examine  the  evidence  aflbrded  by  the  temple  itself,  it  appears, 
from  the  most  authentic  accounts,  that  the  three  pillars  now  standing  erect 
continued,  down  to  the  middle  of  the  last  century,  half  buried  in  the  new 
marine  strata  before  described.  The  upper  part  of  the  columns,  being 
conceded  by  bushes,  had  not  attracted,  until  the  year  1749,  the  notice  of 
antiquaries  ;  but,  when  the  soil  was  removed  in  1750,  they  were  seen  to 

*  See  p.  256. 

t  On  the  authority  of  Captain  W.  H.  Smyth,  R.  N. 
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form  part  of  the  remains  of  a  splendid  edifice,  the  pavement  of  which  was 
still  prcsenred,  and  upon  it  lay  a  number  of  columns  of  African  breccia  and 
of  granite.  The  original  plan  of  the  building  could  be  traced  distinctly ; 
it  was  of  a  quadrangular  form,  seventy  feet  in  diameter,  and  the  roof  had 
been  supported  by  forty-six  noble  ci^umns,  twenty-four  of  granite,  and 
the  rest  of  marble.  The  large  court  was  surrounded  by  apartments,  sup- 
posed to  have  been  used  as  bathing-rooms  ;  for  a  thermal  spring,  still  used 
for  medicinal  purposes,  issues  now  just  behind  the  building,  and  the 
water,  it  is  said,  of  this  spring  was  conveyed  by  marble  ducts  into,  the 
chambers. 

Many  antiquaries  have  entered  into  elaborate  discussions  as  to  the  deity 
to  which  this  edifice  was  consecrated ;  but  Signor  Carelli,  who  haB  wrilr 
ten  the  last  able  treatise  on  the  subject,*  endeavors  to  show  that  all  tiii 
religious  edifiees  of  Greece  were  of  a  form  essentially  difierent ;  that  the 
building,  therefore,  could  never  have  been  a  temple ;  that  it  corresponded 
to  the  public  bathing-rooms  at  many  of  our  watering-places ;  and,  lasdy, 
that  if  it  had  been  a  temple,  it  could  not  have  been  dedicated  to  Sera^is, 
the  worship  of  the  Egyptian  god  being  strictly  prohibited,  at  the  time 
when  this  edifice  was  in  use,  by  the  senate  of  Rome. 

Ptrforation  of  Ike  columns  by  Lithodomotu  ihells, — It  is  not  for  the 
geologist  to  ofifer  an  opinion  on  these  topics;  and  I  shall,  therefore,  desig- 
nate this  valuable  relic  of  antiquity  by  its  generally  received  name^  ao4 
proceed  to  consider  the  memorials  of  physical  changes  inscribed  on  the 
three  standing  columns  in  most  legible  characters  by  the  hand  of  Nature. 
(See  Frontispiece,  Vol.  I.t)  These  pillars,  which  have  been  carved  each 
out  a  single  block  of  marble,  are  forty-two  feet  in  height.  An  horizontal 
fissure  nearly  intersects  one  of  the  coluqins ;  the  other  two  are  entire. 
They  are  all  slightly  out  of  the  perpendicular,  inclining  somewhat  to  the 
south-west,  that  is,  towards  the  sea.|  Their  surface  is  smooth  and  unin- 
jured to  the  height  of  about  twelve  feet  above  their  pedestals.  Above 
this  is  a  zone,  about  nine  feet  in  height,  where  the  marble  has  been 
pierced  by  a  species  of  marine  perforating  bivalve— Zi/Ao(fomtt»,  Cuv.§ 
The  holes  of  these  animals  are  pear-shaped,  the  external  opening  being 
minute,  and  gradually  increasing  downwards.  At  the  bottom  of  the  cavi* 
tics,  many  shells  are  still  found,  notwithstanding  the  great  numbers  that 
have  been  taken  out  by  visitors ;  in  many  the  valves  of  a  species  of  area, 

*  Dissertazione  sulla  Sagra  Architettura  dcgli  Antichi. 

t  This  view  of  the  present  state  of  the  temple  has  been  reduced  from  that  of  the 
Canonico  Andrea  dc  Jorio,  Ricerche  sul  Tcmpio  di  Scrapide,  in  PuesuoU.  Ni- 
poli,  1820. 

X  This  appears  from  the  measurement  of  Captain  Basil  Hall,  R.  N.,  Proceedings 
of  Geol.  Soc  ,  No.  38,  p.  114.  The  fact  of  the  three  standing  columns  having  been 
each  formed  out  of  a  single  stone,  was  first  pointed  out  to  mc  bjr  Mr.  James  Hall,  and 
is  important,  as  helping  to  explain  why  they  were  not  shaken  dowa. 

§  Modiola  lithophaga,  Lam.    Mytilus  lithophagus,  Linn. 
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an  animal  which  conceals  itself  in  small  hollows,  occur.  The  perfora- 
tioDS  are  so  considerable  in  depth  and  size,  that  they  manifest  a  long- 
eontinued  abode  df  the  lithodomi  in  the  columns ;  for,  as  the  inhabitant 
grows  older  and  increases  in  size,  it  bores  a  large  cavity,  to  correspond 
with  the  increasing  magnitude  of  its  shelL  We  must,  consequently,  infer 
a  long-continued  immersion  of  the  pillars  in  sea-water,  at  a  time  when 
the  lower  part  was  covered  up  and  protected  by  strata  of  tuff  and  the 
robbish  of  buildings ;  the  highest  part,  at  the  same  time,  projecting  above 
the  waters,  and  being  consequently  weatliered,  but  not  materially  injured. 

On  the  pavement  of  the  temple  lie  some  columns  of  oiarble,  which  are 
perforated  in  the  same  manner  in  certain  parts ;  one,  for  example,  to  the 
length  of  eight  feet,  while,  for  the  length  of  four  feet,  it  is  uninjured. 
Several  of  these  broken  columns  are  eaten  into,  not  only  on  the  exterior, 
kit  on  the  cross  fracture,  ahd,  on  some  of  them,  other  marine  animals 
have  fixed  themselves.*  All  the  granite  pillars  are  untouched  by  litho- 
domL  The  platform  of  the  temple,  which  is  not  perfectly  even,  is  at 
present  about  one  foot  below  high- water  mark  (for  there  are  small  tides 
in  the  Bay  of  Naples);  and  the  sea,  which  is  only  one  hundred  feet  dis- 
tant, soaks  through  the  intervening  soil.  The  upper  part  of  the  perfo- 
rations, then,  are  at  least  twenty-three  feet  above  high- water  mark  ;  and 
it  is  clear,  that  the  columns  must  have  continued  for  a  lung  time  in  an 
eieet  position,  immersed  in  salt  water.  After  remaining  for  many  years 
submerged,  they  must  have  been  upraised  to  the  height  of  about  twenty- 
three  feet  above  the  level  of  the  sea. 

Temples  and  Roman  roads  under  water, ^^^o  far  the  information  de- 
rived from  the  temple  corroborates  that  before  obtained  from  the  new 
strata  in  the  plain  of  La  Starza,  and  proves  nothing  more.  But,  as  the 
temple  could  not  have  been  built  originally  at  the  bottom  of  the  sea,  it 
most  have  first  sunk  down  below  the  waves,  and  afterwards  have  been 
ehvated.  Of  such  subsidences  there  are  numerous  independent  proofs  in 
Ite  Bay  of  BaiflB.  Not  far  from  the  shore,  to  tlie  north-west  of  the  Tem- 
ple of  Serapis,  are  the  niins  of  a  temple  of  Neptune,  and  a  Temple  of 
the  Nymphs,  now  under  water.  The  columns  of  the  former  edifice  stand 
erect  in  five  feet  water,  their  upper  portions  just  rising  to  the  surface  of 
Ae  sea.  The  pedestals  are  doubtless  buried  in  the  mud ;  so  that  if  this 
part  of  the  bottom  of  the  bay  should  hereafter  be  elevated,  the  exhuma- 
tion of  this  temple  might  take  place  after  the  manner  of  that  of  Serapis. 
Both  these  buildings  probably  participated  in  the  movement  which  raised 
the  Starza ;  but  either  they  were  deeper  under  water  than  the  Temple  of 
Serapis,  or  they  were  not  raised  up  again  to  so  great  a  height:  There 
are  also  two  Roman  roads  under  water  in  the  bay,  one  reaching  from 
PuzzuoU  towards  the  Lucrine  Lake,  which  may  still  be  seen,  and  the 

*  Berpula  contortuplicat&,  Linn.,  and  Vennilia  triquetra,  Lam.    These  species,  as 
well  as  the  Lithodomus,  are  now  inhabitants  of  the  neighbouring  sea. 
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Other  near  the  Castle  of  Baiae.  The  ancient  mole,  too,  of  Pozzuoli,  be- 
fore alluded  to,  has  the  water  up  to  a  considerable  height  of  the  arches; 
whereas  Brieslak  justly  observes,  it  is  next  to  certain  that  the  piers  must 
formerly  have  reached  the  surface  before  the  springing  of  tiie  arches;* 
so  that,  although  the  phenomena  before  described  prove  that  this  mole  has 
been  uplifted  ten  feet  above  the  level  at  which  it  once  stood,  it  is  still 
evident  that  i^  has  not  yet  been  restored  to  its  original  position. 

A  modern  writer  also  reminds  us,  that  tiiese  effects  are  not  so  local  ai 
some  would  have  us  believe  ;  for  on  the  opposite  side  of  the  Bay  of  Ns* 
pies,  on  the  Sorrentine  coast,  which,  as  well  as  Puzzuoli,  is  subject  to 
earthquakes,  a  road,  with  some  fragments  of  Roman  buildings,  is  covered 
to  some  depth  by  the  sea.  In  the  island  of  Capri,  also,  which  is  situated 
some  way  at  sea,  in  the  opening  of  the  bay  of  Naples,  one  of  the  palaces 
of  Tiberius  is  now  covered  with  water.t  They  who  have  attentively  con- 
sidered the  effects  of  earthquakes,  before  enumerated,  as  having  occurred  dar- 
ing the  last  140  years,  will  not  feel  astonished  at  these  signs  of  alternate 
elevation  and  depression  of  the  bed  of  the  sea  and  the  adjoining  coast  iwt' 
ing  the  course  of  eighteen  centuries ;  but,  on  the  contrary,  they  will  be 
very  much  astonished  if  future  researches  fail  to  bring  to  light  simiUr 
indications  of  change  in  almost  all  regions  of  volcanic  disturbances. 

That  buildings  should  have  been  submerged,  and  afterwards  upheaved, 
without  being  entirely  reduced  to  a  heap  of  ruins,  will  appear  no  anomaiyi 
when  we  recollect  that,  in  the  year  1819,  when  the  delta  of  the  Indw 
sank  down,  the  houses  within  the  fort  of  Sindree  subsided  beneath  the 
waves,  wiihoui  being  overthrown.  In  like  manner,  in  the  year  1692,  the 
buildings  around  the  harbour  of  Port  Royal,  in  Jamaica,  descended  sud- 
denly to  the  depth  of  between  thirty  and  fifty  feet  under  the  sea  without 
failing.  Even  on  small  portions  of  land  transported  to  a  distance  of  a 
mile,  down  a  declivity,  tenements,  like  those  near  Mileto,  in  Calabria, 
were  carried  entire.  At  Valparaiso  buildings  were  left  standing,  when 
their  foundations,  together  with  a  long  tract  of  the  Chilian  coast,  were 
permanently  upraised  to  the  height  of  several  feet  in  1822.  It  is  true 
that,  in  the  year  1750,  when  the  bottom  of  the  sea  in  the  harbour  of  Pen- 
ce was  suddenly  uplifted  to  the  extraordinary  elevation  of  twenty-four  feet 
above  its  former  level,  the  buildings  of  that  town  were  tlirown  down ;  bat 
we  might  still  suppose  that  a  great  portion  of  them  would  have  escap- 
ed, had  the  walls  been  supported  on  the  exterior  and  interior  with  a 
deposit,  like  that  which  surrounded  and  filled  to  the  height  of  ten  or  twelve 
feet  the  Temple  of  Serapis  at  Puzzuoli. 

*  Voy.  dans  la  Campanie,  tome  ii.  p.  162. 

t  Mr.  Forbee,  Physical  Notices  of  the  Bay  of  Naples.  Ed.  Joum.  of  Sci.,  No.  II., 
new  series,  p.  280.  October  1829.  When  I  visited  Puzzuoli,  and  arrived  at  the  above 
conclusions,  I  knew  notliing  of  Mr.  Forbes's  observations,  which  1  first  saw  on  my 
return  to  England  the  year  following. 
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Periodi  when  the  Thtifle  &f  Serqns  $ank  mnd  fMe^-^TIw  next  fdbjMt 
Inquiiy  i<  the  era  when  these  remtrkable  changes  took  place  in  the 
f  of  Bai».  It  appears  that  in  the  Atriam  of  the  Temple  of  Serapis, 
sripttons  were  found  in  which  Septimius  Severns  and  Marens  Aurelins 
Md  their  labours  in  adorning  it  with  precioas  marbles.*  We  maff 
pefore,  condade,  that  it  existed  at  least  down  to  the  third  century  of 
en  in  its  original  position ;  and  it  may  have  been  built  at  the  dose  of 
eeeottd  century.  On  the  other  hand,  we  hare  evidence  that  the  ma* 
\  deposit  forming  the  flat  land,  called  La  Starve,  was  still  covered  by 
eem  in  the  year  1580,  or  just  eight  years  anterior  to  the  tremendous 
kMrion  of  Monte  Nnovo.  Mr.  Forbes  has  lately  pointed  out  Ike  dia- 
t  testimony  of  an  old  Italian  writer,  Loffredo,  in  oonfirmation  of  this 
NNtant  point.t  Writing  in  1580,  Loffredo  declares  that,  fifty  years 
rioosly,  the  sea  washed  the  base  of  the  hills  which  rise  from  the  flat 
i  before  alluded  to ;  and  at  that  time  he  expressly  tells  us,  that  a  per* 
might  have  JUhtd  from  the  site  of  those  ruins  which  are  now  caUed 
Stadium.  (See  Fig.  55,  p.  420.)  Hence  it  follows,  that  the  subsidence 
the  ground  happened  at  some  period  between  the  third  century,  whan 
temple  was  still  standing,  and  the  beginning  of  the  sixteenth  oenluryy 
SB  its  site  was  still  submerged. 

low,  in  this  interval  the  only  two  events  which  are  recorded  in  thie 
terfeet  annals  of  the  dark  ages  are,  the  eruption  of  the  SolAttan  in 
8f  and  an  earthquake  in  1488,  by  which  Puzzuoli  was  ruined.  It  is  at 
H  highly  probable,  that  earthquakes,  which  preceded  the  eruption  of  die 
Basra,  which  is  very  near  the  temple  (See  Fig.  55,  p.  420),  caused  a  sub* 
mee,  and  the  pumice  and  other  matters  ejected  from  that  volcano  might 
e  fallen  in  heavy  showers  into  the  sea,  and  would  thus  immedialely 
e  covered  up  the  lower  part  of  the  columns,  and  preserved  them  from 
notion  of  the  sea  and  from  lithodomons  perforations.  The  waves 
;ht  afterwards  have  thrown  down  many  pillan,  and  formed  strata  of 
ken  fragments  of  buildings,  intermixed  with  volcanic  ejections,  and 
I  have  caused  those  strata,  containing  works  of  art  and  shells,  which 
tad  for  several  miles  along  the  coast  Mr.  Babbage,  after  carefully 
mfaiing  several  incrustations  of  carbonate  of  lime,  such  as  the  walere 
be  hot  spring  might  have  deposited,  adhering  to  the  walls  and  columns 
lie  temple  at  different  heights,  as  also  the  distinct  marks  of  ancient 
•  of  water  level,  visible  below  the  zone  of  lithophagdus  perforations, 
come  to  the  conclusion,  and,  I  think,  proved,  that  the  subsidence  of 
building  was  not  sudden,  or  at  one  period  only,  but  gradual,  and  by 
Bessive  movements.} 
18  to  the  re-elevation  of  the  depressed  tract,  that  may  also  have  ooenr- 

*  Brietlak,  Voy.  dans  la  Campame,tom.  ii.  p.  167. 

*  Ed.  Jonrn.  (^  Science,  new  leriee,  No.  II.  p.  281. 
t  Proceedings  of  Geol.  Soc.,  No.  d6.    March  1834. 
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red  at  different  periods,  tinee  earthquakes  are  not  unfreqnent  hi  this 
eountry.  Jorio  cites  two  authentic  documents  in  illostraiion  of  this 
point.  The  first,  dated  Oct.  Ift03,  is  a  deed,  written  in  Italiaot  by  which 
Ferdinand  and  Isabella  grant  to  the  University  of  Purzooli  a  portion  of 
land,  «*  where  the  sea  is  drying  up"  (Che  va  seccando  el  mare);  the 
second,  a  document  in  Latin,  dated  May  28, 1611,  or  nearly  eight  yes» 
after,  by  which  Ferdinand  granto  to  the  city  a  certain  territory  around 
Puizudi,  where  the  ground  is  dried  up  from  the  sea  (desiccatum).* 

It  is  perfectly  evident,  however,  from  Loffredo*8  statement,  that  the 
principal  elevation  of  the  low  tract  called  La  Starza  took  place  al^r  the 
year  1530,  and  some  time  before  the  year  1680 ;  and  from  this  alone  we 
might  have  suspected  that  the  change  happened  in  the  year  1588,  when 
Monte  Nuovo  was  formed.  But,  fortunately,  we  are  not  left  in  the 
slightest  doubt  that  such  was  the  dale  of  this  remarkable  evenU  8ir 
William  Hamilton  has  given  us  two  original  letters  describing  the  enip^ 
tion  of  1588,  the  first  of  which,  by  Falconi.  dated  1538,  conteins  the  fol- 
lowing passages.!  **  It  is  now  two  years  since  there  have  been  frequent 
earthquakes  at  Puzzuoli,  Naples,  and  the  neighbouring  parts.  On  the 
day  and  in  the  night  before  the  eruption  (of  Monte  Nuovo),  above  twenty 
shocks,  great  and  small,  were  felt.  The  eruption  began  on  the  29th  of 
September,  1538.  It  was  on  a  Sunday,  about  one  o'clock  in  the  aight, 
when  flames  of  fire  were  seen  between  the  hot  baths  and  Tri|>ergola«  la 
a  short  time  the  fire  increased  to  such  a  degree,  that  it  burst  open  the 
earth  in  this  place,  and  threw  up  so  great  a  quantity  of  ashes  and  puroiee 
stones,  mixed  with  water,  as  covered  the  whole  country.  The  next 
morning  (after  the  formation  of  Monte  Nuovo)  the  poor  inhabitants  of 
Puzzuoli  quitted  their  habitations  in  terror,  covered  with  the  muddy  and 
black  shower  which  continued  the  whole  day  in  that  country-^flying 
from  death,  but  with  death  painted  in  their  countenances.  Some  with 
their  childien  in  their  arms,  some  with  sacks  full  of  their  goods;  others 
loading  an  ass,  loaded  with  their  frij^htcned  family,  towards  Naples; 
others  carrying  quantities  of  birds  of  various  sorts,  that  had  fallen  dead 
at  the  beginning  of  the  eruption;  others,  again,  with  fish  which  they  had 
found,  and  which  were  to  be  met  with  in  plenty  on  the  shore,  the  sea 
having  left  them  dry  for  a  considerMe  time,  I  accompanied  Signer 
Moramaldo  to  behold  the  wonderful  efiects  of  the  eruption.  The  sea  had 
retired  on  the  side  of  Baiie,  abandoning  a  considerable  tracts  and  the 
shore  appeared  almost  entirely  dry,  from  the  quantity  of  ashes  and 
broken  pumice  stones  thrown  up  by  the  eruption.  I  saw  two  springs 
in  the  newly  discovered  ruins :  one  before  tlie  house  that  was  the 
queen's,  of  hot  and  salt  water,'*  &c. 

So  far  Falconi ;  the  other  account  is  by  Pietro  Giacomo  di  Teredo, 

*  Sal  Tempio  di  Serap.  chap.  Tiii.  t  Campi  Phlegnsi,  p.  70. 
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which  begins  that :— "  It  is  now  two  years  since  this  province  of  Cam- 
pagna  has  been  afflicted  with  earthquakes,  the  country  about  Puzzooli 
nneh  more  so  than  any  other  parts :  but  the  27th  and  28th  of  the  month 
9f  September  last,  the  earthquakes  did  not  cease  day  or  night  in  the  town 
if  Puzzuoli :  that  plain  which  lies  between  Lake  Avernus,  the  Monte 
Barbaro,  and  the  sea,  was  raited  a  little^  and  many  cracks  were  made  in 
t»  from  some  of  which  issued  water ;  at  the  same  time  the  sea  imme- 
liately  adjoining  the  plain  dried  tip  about  two  hundred  paces ^  so  that  the 
ish  were  lell  on  the  sand  a  prey  to  the  inhabitants  of  Puzzuoli.  At  last* 
m  the  20th  of  the  same  month,  about  two  o'clock  in  the  night,  the  earth 
opened,*'  &c.  Now,  both  these  accounts,  written  immediately  after  the 
Mrth  of  Monte  Nuovo,  agree  in  expressly  stating  that  the  sea  retired, 
md  one  mentions  that  its  bottom  was  upraised.  To  this  elevation  we 
lave  already  seen  that  Ilooke,  writing  at  the  close  of  the  seventeenth 
sentury,  alludes  as  to  a  well-known  fact.*  The  preposterous  theories, 
herefore,  that  have  been  advanced  in  order  to  dispense  with  the  eleva- 
ion  of  the  land,  in  the  face  of  all  this  historical  and  physical  evidence, 
Ufe  not  entitled  to  a  serious  refutation. 

EneroachmentM  of  the  iea  in  the  Bay  of  Baia, — The  flat  land,  when 
Irtt  upraised,  must  have  been  more  extensive  than  now,  for  the  sea 
ineroaches  somewhat  rapidly,  both  to  the  north  and  south-east  of  Pui* 
moli.  The  coast  has,  of  late  years,  given  way  more  than  a  foot  in  a 
welvemonth ;  and  I  was  assured,  by  fishermen  in  the  bay,  that  it  has 
oat  ground  near  Puzzuoli,  to  the  extent  of  thirty  feet,  within  their 
nemory.  It  is,  probably,  this  gradual  encroachment,  which  has  led 
aany  authors  to  imagine  that  the  level  of  the  sea  is  slowly  rising  in  the 
)ay  of  Baiae ;  an  opinion  by  no  means  warranted  by  such  circumstances, 
n  the  course  of  time,  the  whole  of  the  low  land  will,  perhaps,  be  carried 
iway,  unless  some  earthquake  shall  remodify  the  surface  of  the  country, 
lefore  the  waves  reach  the  ancient  coast-line;  but  the  removal  of  this 
larrow  tract  will  by  no  means  restore  the  country  to  its  former  state,  for 
be  old  tufaceous  hills,  and  the  interstratified  current  of  trachytic  lava 
rhich  has  flowed  from  the  Solfatara,  must  have  participated  in  the  move- 
nent  of  1538 ;  and  these  will  remain  upraised,  even  though  the  sea  may 
again  its  ancient  limits. 

In  1828,  excavations  were  made  below  the  marble  pavement  of  the 
Temple  of  Scrapis,  and  another  cosdy  pavement  of  mosaic  was  found,  at 
be  depth  of  five  feet  or  more  below  the  other.  The  existence  of  these 
wo  pavements,  at  difierent  levels,  seems  clearly  to  imply  some  subsidence 
•reviously  to  all  the  changes  already  alluded  to,  which  had  rendered  it 
ecessary  to  construct  a  new  floor  at  a  higher  level.  But  to  these  and 
ther  circumstances  bearing  on  the  history  of  the  Temple  antecedently  to 

*  Ants,  p.  46.  4 
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tkt  reTolatiMS  already  explained,  I  ihall  not  refer  at  present,  trusting  that 
fbture  inveetigations  will  set  tbem  in  a  clearer  light 

Fermanmu  qf  t/u  oeetm^s  kvel.'^ln  conclading  this  subject,  I  may 
obsenre,  that  the  interminable  controversies  to  which  the  phenomena  of  the 
Bay  of  Bais  gave  rise,  have  sprung  from  an  extreme  reluctance  to  admit 
(hat  the  land,  rather  than  the  sea,  is  subject  alternately  to  rise  and  fall.  Usd 
it  been  assumed  that  the  level  of  the  ocean  was  invariable,  on  the  ground 
that  no  fluctuations  have  as  yet  been  clearly  established,  and  that,  on  the 
other  hand,  the  continents  are  inconstant  in  their  level,  as  has  been  de- 
monstrated by  the  most  unequivocal  proofs  again  and  again,  from  the 
time  of  Strabo  to  our  own  times,  the  appearances  of  the  Temple  at  Puz- 
zooli  could  never  have  been  regarded  as  enigmatical.  Evep  if  contempo- 
rary accounts  had  not  distinctly  attested  the  upraising  of  the  coast,  this 
explanation  should  have  been  proposed  in  the  first  instance  as  the  most 
natural,  instead  of  being  now  adopted  unwillingly  when  all  others  have 
fiuled. 

To  the  strong  prejudices  still  existing  in  regard  to  the  mobility  of  the 
land,  we  may  attribute  the  rarity  of  such  discoveries  as  have  been  re- 
eently  brought  to  light  in  the  Bay  of  Baiae  and  the  Bay  of  Conception. 
A  false  theory,  it  is  well  known,  may  render  ns  blind  to  facts  which  are 
opposed  to  our  prepossessions,  or  may  conceal  from  us  their  true  import 
when  we  behold  them.  But  it  is  time  that  the  geologist  should,  in  some 
degree,  overcome  those  first  and  natural  impressions  which  induced  the 
poets  of  old  to  select  the  rock  as  the  emblem  of  firmness — the  sea  as  the 
image  of  inconstancy.  Our  modem  poet,  in  a  more  philosc^hical  spirit, 
saw  in  the  sea  **  The  image  of  Eternity,*'  and  has  finely  contrasted  the 
fleeting  existence  of  the  successive  empires  which  have  flourished  and 
fallen  on  the  borders  of  the  ocean  with  its  own  unchanged  stability. 


Their  decaj 


Has  dried  up  realms  to  deserts : — not  so  thou, 

Unchangeable,  save  to  thj  wild  wayes'  plaj : 

Time  writes  no  wrinkle  on  thine  aiore  brow ; 

Booh  as  efaation*s  dawn  beheld,  thou  roUest  now. 

Gbujos  BLuioLD,  Canto  iT. 
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Celnoa  that  the  watera  of  the  Baltic  Sea  and  Northern  Ocean  were  ainking—Oh- 
jeotiona  raiaed  to  hia  opinion — Proofs  of  the  atabilitj  of  the  sea-leTcl  in  the  Baltic 
^Plajfair*s  hypothesis  that  the  land  was  rising  in  Sweden  ^Opinion  of  Von  Buch 
(p.  441.) — Marks  cut  on  the  rocks — Survey  of  these  in  1820 — Facility  of  detecting 
■light  alteraUona  in  level  of  sea  on  coast  of  Sweden — Shores  of  the  ocean  also 
fbin^— Area  npfaeaved  (p.  444.)— Shelly  deponta  of  Uddevalhr-Of  Stockholm, 
containing  foaaii  sheila  characteristic  of  the  Baltic— Whether  aubaidence  in  Swe- 
den— ^Fiahing-hat  buried  under  marine  atrata  (p.  447.) — Sinking  of  land  in  Green- 
land— ^Bearing  of  these  fiicts  on  geological  phenomena. 

Ws  have  now  considered  the  phenomena  of  volcanos  and  earthquakes  ac- 
cording to  the  division  of  the  subject  before  proposed  (p.  291),  and  have 
next  to  turn  our  attention  to  those  slow  and  insensible  changes  in  the  rela- 
tive level  of  land  and  sea  which  take  place  in  countries  remote  from  vol- 
eanoe,  and  where  no  violent  earthquakes  have  occurred  within  the  period 
of  bnman  observation.  Early  in  the  last  century  the  Swedish  naturalist, 
Celsius,  expressed  his  opinion  that  the  waters,  both  of  the  Baltic  and 
Northern  Ocean,  were  gradually  subsiding.  From  numerous  observa- 
tions he  inferred,  that  the  rate  of  depression  was  about  forty  Swedish 
inches  in  a  century.*  In  support  of  this  position,  he  alleged  that  there 
were  many  rocks  both  on  the  shores  of  the  Baltic  and  the  ocean  known 
to  have  been  once  sunken  reefs,  and  dangerous  to  navigators,  but  which 
were  in  his  time  above  water — that  the  waters  of  the  Gulf  of  Bothnia  had 
been  gradually  converted  into  land,  several  ancient  ports  having  been 
changed  into  inland  cities,  small  islands  joined  to  the  continent,  and  old 
fishing-grounds  deserted  as  being  too  shallow,  or  entirely  dried  up.  Cel- 
sius also  maintained,  that  the  evidence  of  the  change  rested  not  only  on 
modern  observations,  but  on  the  authority  of  ancient  geographers,  who 
had  stated  that  Scandinavia  was  formerly  an  island.  This  island,  he 
argued,  must,  in  the  course  of  centuries,  by  the  gradual  retreat  of  the  sea, 
have  become  connected  with  the  continent;  an  event  which  he  supposed 
to  have  happened  after  the  time  of  Pliny,  and  before  the  ninth  century 
of  our  era. 

To  this  argument  it  was  objected  that  the  ancients  were  so  ignorant  of 
the  geography  of  most  northern  parts  of  Europe,  that  their  authority  was 
entitled  to  no  weight;  and  that  their  representation  of  Scandinavia  aa  an 

*  The  Swedish  measure  tearoelj  difieis  from  ours ;  the  foot  being  divided  Into 
twelve  inches,  and  being  less  than  ours  by  thxee-eighths  of  an  inch  only. 
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island,  might  with  more  propriety  he  adduced  to  prove  the  scantiness  of 
their  information,  than  to  confirm  so  bold  an  hypothesis.  It  was  also 
remarked,  that  if  the  land  which  connected  Scandinavia  with  the  main 
continent  was  laid  dry  between  the  time  of  Pliny  and  the  ninth  century, 
to  the  extent  to  which  it  is  known  to  have  risen  above  the  sea  at  the  latter 
period,  the  rate  of  depression  could  not  have  been  uniform,  as  was  pre-  * 
tended ;  for  it  ought  to  have  fallen  much  more  rapidly  between  the  ninth 
and  eighteenth  centuries. 

Many  of  the  proofs  relied  on  by  Celsius  and  his  followers  were  im- 
mediately controverted  by  several  philosophers,  who  saw  clearly  that  a 
fall  of  the  sea  in  any  one  region  could  not  take  place  without  a  general 
sinking  of  the  waters  over  the  whole  globe ;  they  denied  thai  this  was 
the  fact,  or  that  the  depression  was  universal,  even  in  the  Baltic.  In 
proof  of  the  stability  of  the  level  of  that  sea,  they  appealed  to  the  position 
of  the  island  of  Saltholm,  not  far  from  Copenhagen.  This  island  is  so 
low  that,  in  autumn  and  winter,  it  is  permanently  overflowed ;  and  it  is 
only  dry  in  summer,  when  it  serves  for  pasturing  cattle.  It  appears  from 
documents  of  the  year  1280,  that  Saltholm  was  then  also  in  the  same 
state,  and  exactly  on  a  level  with  the  mean  height  of  the  sea,  instead  of 
having  been  about  twenty  feet  under  water,  as  it  ought  to  have  been,  ac- 
cording to  the  computation  of  Celsius.  Several  towns,  also,  on  the 
shores  of  the  Baltic,  as  Lubeck,  Wismar,  Rostock,  Stralsund,  and  others, 
after  six  or  even  eight  hundred  years,  are  as  little  elevated  above  the  sea 
as  at  the  era  of  their  foundation,  being  now  close  to  the  water's  edge. 
The  lowest  part  of  Dantzic  was  no  higher  than  the  mean  level  of  the  sea 
in  the  year  1000;  and  after  eight  centuries  its  relative  position  remains 
exactly  the  same.* 

Several  of  the  examples  of  the  gain  of  land  and  shallowing  of  the  sea 
pointed  out  by  Celsius,  and  afterwards  by  Linnaeus,  who  embraced  the 
same  opinions,  were  ascribed  by  others  to  the  deposition  of  sediment  at 
points  where  rivers  entered  ;  and,  undoubtedly,  Celsius  had  not  sufficiently 
distinguished  between  changes  due  to  these  causes,  and  such  as  would 
arise  if  the  waters  of  the  ocean  itself  were  diminishing.  Many  large 
rivers  descending  from  a  mountainous  country,  at  the  head  of  the  Gulf  of 
Bothnia,  enter  the  sea  charged  with  sand,  roud,  and  pebbles,  and  it  was 
said  that  in  these  places  the  low  land  had  advanced  rapidly,  especially 
near  Torneo.  At  Piteo  also,  half  a  mile  had  been  gained  in  forty-five 
years  ;  at  Luleo,t  no  less  than  a  mile  in  twenty-eight  years ;  facts  which 
might  ail  be  admitted  consistently  with  the  assumption  that  the  level  of 
the  Baltic  has  remained  unchanged,  like  that  of  the  Adriatic,  during  a 

*  For  a  full  account  of  the  Celsian  coDtroversy,  we  maj  refer  oar  readers  to  Voa 
floff,  Geschichte,  &c.  vol.  i.  p.  439. 

t  Piteo,  Luleo,  and  Obo  are  spelt,  in  many  Engliah  maps,  Pitea,  LiUea,  Abo ;  but 
the^<i  la  not  founded  in  the  Swediah  diphthong  ao  or  V 
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period  when  the  plains  of  the  Po  and  the  Adige  have  greatly  extended 
their  area. 

It  was  also  alleged  that  certain  insular  rocks,  once  entirely  covered 
with  wat^r,  had  at  length  protruded  themselves  ahove  the  waves,  and 
grown*  in  the  course  of  a  century  and  a-half,  to  he  eight  feet  high.  The 
following  attempt  was  made  to  explain  away  this  phenomenon : — In  the 
Baltic,  large  erratic  blocks,  as  well  as  sand  and  smaller  stones  which  lie 
on  shoals,  are  liable  every  year  to  be  frozen  into  the  ice,  where  the  sea 
freezes  to  the  depth  of  five  or  six  feet.  On  the  melting  of  the  snow  in 
spring,  when  tlie  sea  rises  about  half  a  fathom,  numerous  ice-lands  fioat 
away,  bearing  up  these  rocky  fragments  so  as  to  convey  them  to  a  dis- 
tance; and  if  they  are  driven  by  the  waves  upon  shoals,  they  may 
convert  them  into  islands  by  depositing  the  blocks;  if  stranded  upon 
low  islands,  they  may  considerably  augment  their  height. 

Browallius,  also,  and  some  other  Swedish  naturalists,  affirmed  that 
some  islands  were  lower  than  formerly ;  and  that  by  reference  tp  this 
kind  of  evidence,  there  was  equally  good  reason  for  contending  that  the 
level  of  the  Baltic  was  gradually  rising.  They  also  added  another 
curious  proof  of  the  permanency  of  the  water-level,  at  some  points  at 
least,  for  many  centuries.  On  the  Finland  coast  were  some  large  pines, 
growing  elose  to  the  water's  edge;  these  were  cut  down,  and,  by  count- 
ing the  concentric  rings  of  annual  growth,  as  seen  in  a  transverse  section 
of  tlie  trunk,  it  was  demonstrated  that  they  had  stood  there  for  four  hun- 
dred years.  Now,  according  to  the  Celsian  hypothesis,  the  sea  had 
sunk  about  fifteen  feet  during  that  period,  in  which  case  the  germination 
and  early  growth  of  these  pines  must  have  been,  for  many  seasons,  below 
the  level  of  the  water.  In  like  manner  it  was  asserted,  that  the  lower 
walls  of  many  ancient  castles,  such  as  those  of  Sonderburg  and  Abo, 
reached  then  to  the  water's  edge,  and  must,  therefore,  according  to  the 
theory  of  Celsius,  have  been  originally  constructed  below  the  level  of  the 


In  reply  to  this  last  argument.  Colonel  Hallstrom,  a  Swedish  engineer, 
well  acquainted  with  the  Finland  coast,  assured  me,  that  the  base  of  the 
walls  of  the  castle  of  Abo  is  now  ten  feet  above  the  water,  so  that  there 
may  have  been  a  considerable  rise  of  the  land  at  that  point  since  the 
building  was  erected. 

Play  fair,  in  his  ''Illustrations  of  the  Huttonian  Theory,"  in  1802, 
admitted  the  sufficiency  of  the  proofs  adduced  by  Celsius,  but  attributed 
the  change  of  level  to  the  movement  of  the  land,  rather  than  to  a  diminu- 
tion of  the  waters.  He  observed,  '*  that  in  order  to  depress  or  elevate 
the  absolute  level  of  the  sea,  by  a  given  quantity,  in  any  one  place,  we 
must  depress  or  elevate  it  by  the  same  quantity  over  the  whole  surface  of 
the  earth ;  whereas  no  such  necessity  exists  with  respect  to  the  elevmUoft 


4/0  OftADUAL  USB  OF  UUfD  IB  ««XIMBI.  {Bat 
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or  depression  of  the  land.'**  The  hypothesis  of  the  rising  of  the  land, 
he  adds,  **  agrees  well  with  the  Huttonian  theory,  which  holds  that  our 
continents  are  subject  to  be  acted  upon  by  the  expansire  forces  of  the 
mineral  regions;  that  by  these  forces  tbey  haTe  been  actually  raised  op, 
and  are  sustained  by  them  in  their  present  situaiion.'t 

In  the  year  1807,  Von  Buch,  a(Ver  returning  from  a  tour  in  GMtods- 
oaTia,  announced  his  couTiction,  **  that  the  whole  country,  from  Frederiek- 
shall  in  Sweden  to  Abo  in  Finland,  and  perhaps  as  far  as  St.  Pelersburglh 
was  slowly  and  insensibly  rising."  He  also  suggested  **that  Sweden 
may  rise  more  than  Norway,  and  the  northern  more  than  the  southern 
part.*'{  He  was  led  to  these  conclusions  principally  by  information  ob- 
tained from  the  inhabitants,  and  pilots,  and  in  part  by  the  occurrence  of 
marine  shells  of  recent  species,  which  he  had  found  at  several  points  o%. 
the  coast  of  Norway  above  the  level  of  the  sea.  He  also  mentions  tte 
marks  set  on  the  rocks.  Von  Buch,  therefore,  has  .the  merit  of  being  the 
irst  geologist  who,  aAer  a  personal  examination  of  the  evidence,  declared 
io  favour  of  the  rise  of  land  in  Scandinavia. 

The  attention  excited  by  this  subject  in  the  early  part  of  the  last  een- 
tnry,  induced  many  philosophers  in  Sweden  to  endeavour  to  determine, 
by  accurate  observations,  whether  the  standard  level  of  the  Baltic  was 
really  subject  to  periodical  variations ;  and  under  their  direction,  lines  or 
grooves,  indicating  the  ordinary  level  of  the  water  on  a  calm  day,  together 
with  the  date  of  the  year,  were  chiselled  out  upon  the  rocks.  In  1820-21, 
all  the  marks  made  before  those  years  were  examined  by  the  officers  of 
the  pilotage  establishment  of  Sweden ;  and  in  their  reporl  to  the  Royal 
Academy  of  Stockholm  they  declared,  that  on  comparing  the  level  of  the 
sea  at  the  time  of  their  observations  with  that  indicated  by  the  ancieni 
nnurks,  they  found  that  the  Baltic  was  lower  relatively  to  the  land  in  cer- 
tain places,  but  the  amount  of  change  during  equal  periods  of  time  had 
not  been  every  where  the  same.  During  their  survey,  they  cut  new 
marks  for  the  guidance  of  future  observers,  several  of  which  I  had  an 
opportunity  of  examining  fourteen  years  after  (in  the  summer  of  1834), 
and  in  that  interval  the  land  appeared  to  me  to  have  risen  at  certain  plaoee 
north  of  Stockholm  four  or  five  inches.  I  also  convinced  mjrself,  during 
my  visit  to  Sweden,  aAer  conversing  with  many  civil  engineers,  pilots, 
and  fishermen,  and  after  examining  some  of  the  ancient  marks,  that  the 
evidence  formerly  adduced  in  favour  of  the  change  of  level,  both  on  the 
coasts  of  Sweden  and  Finland,  was  full  and  satisfactory.§    The  alteration 


*  Sect.  393.  t  Sect.  396.  t  Tranil.  of  his  TraTeli,  p.  387. 

§  In  former  editiom  I  ezprested  manj  doubti  as  to  the  Talidity  of  the  prooft  of  a 
gradual  rise  of  land  in  Sweden.  A  detailed  atatement  of  the  obaervationa  which  I 
made  in  1834,  and  which  led  me  to  change  mj  opinion,  will  be  found  in  the  Philoso- 
phical Transactions  for  1835,  part  L 

Vol.  I.--8  F 
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of  level  evidently  diminishes  as  we  proceed  from  the  northern  puts  of 
the  Gulf  of  Bothnia  towards  the  south,  being  slight  around  Stockholiii» 
and  not  in  the  least  degree  perceptible  in  Scania,  the  southernmost  pro- 
vince of  Sweden.  Some  writers  have  indeed  represented  Uie  rate  of 
depression  of  the  waters  at  Stockholm  as  very  considerable*  because  cer- 
tain houses  in  that  city  which  are  built  on  piles  have  sunk  down  within 
tlie  memory  of  persona  still  living,  so  as  to  be  out  of  the  perpendicular; 
and  this  in  consequence  of  the  tops  of  the  piles  giving  way,  and  decaying, 
owing  to  a  fall  of  the  waters  which  has  exposed  them  to  be  alternately 
wet  and  dry.  The  houses  ^alluded  to  are  situated  on  the  borders  of  Lake 
Maeler,  a  large  lake,  the  outlet  of  which  joins  the  Baltic  in  the  middle  of 
Stockholm.  This  lake  is  certainly  lower  than  formerly;  but  the  princi^ 
.pal  cause  of  the  change  is  not  the  elevation  of  the  land,  but  the  removal 
of  two  old  bridges  built  on  piles,  which  formerly  obstructed  the  dischargf 
of  the  fresh  water  into  the  sea.  Another  cause  is  the  opening,  in  the 
year  1819,  of  a  new  canal  at  Sij.dertelje,  a  place  south  of  Stockholm,  by 
means  of  which  a  new  line  of  ccunmunicaiion  was  foriAed  between  Lake 
Maeler  and  the  Baltic* 

It  will  naturally  be  asked^  whether  the  mean  level  of  a  sea  like  the 
Baltic  can  ever  be  determined  so  exaotly  as  to  permit  us  to  appreciate  a 
variation  of  level,  amounting  only  to  one  or  two  feet.  In  reply,  1  may 
observe,  that,  except  near  the  Cattegal,  there  are  no  tides  in  the  Baltic; 
and  it  is  only  when  particular  windfi  have  prevailed  for  several  days  in 
succession,  or  at  certain  seasons  when  there  has  been  an  unusually 
abuadant  influx  of  river  water,  or  when  these  causes  have  combined,  that 
tbi3  sea  is  made  to  rise  two  or  three  feet  above  its  standard  level.  The 
fluctuations  duo  to  these  causes  are  nearly  the  same  from  year  to  year; 
so  that  the  pilots  and  fibhermen  believe,  and  apparently  with  reason,  that 
they  can  mark  a  deviation,  even  of  a  few  inches,  from  the  ordinary  or 
mean  height  of  the  waters. 

•  There  are,  moreover,  peculiariUes  in  the  configuration  of  the  shores  of 
Norway. and  Sweden,  which  facilitate,  in  a  remarkable  degree,  thcappre- 
cialiou  of  slight  changes  in  the  relative  level  of  land  and  water.  It  has. 
often  been  said,  that  there  are  two  coasts,  an  inner  and  an  outer  one ;  the 
inner  being  the  shore  of  the  mainland  ;  the  outer  one,,  a  fringe  of  count- 
less rocky  islands  of  all  dimensions,  called  the  sk'ar  (shair).  Boats  and 
small  vessels  make  their  coasting  voyages  within  this  skdr  ;  for  here  they 
may  sail  in  smooth  water,  even  when  the  sea  without  is  strongly  agitated. 
But  the  navigation  is  very  intricate,  and  the  pilot  must  possess  a  perfect 
acquaintance  wilh  the  breadth  and  depth  of  every  narrow  channel,  and  the 
position  of  innumerable  sunken  rocks.     If  on  such  a  coast  the  land  risea 


•  See  Profesaor  Johnston's  Paper,  Ed.  New  Phil.  Journ.,  No.  29,  July  1833;  and 
my  remarks,  Phil.  Trans.,  1835,  p.  12L 
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ene  or  two  feet  in  the  course  of  half  a  century,  the  minute  topography  of 
the  akilr  is  entirely  altered.  To  a  stranger,  indeed,  who  revisits  it  after 
an  interral  of  many  years,  its  general  aspect  remains  the  same ;  but  the 
inhabitant  finds  that  he  can  no  longer  penetrate  with  his  boat  through 
channels  where  he  formerly  passed ;  and  lie  can  tell  of  countless  other 
changes  in  the  height  and  breadth  of  isolated  rocks,  now  exposed,  bat 
ooce  only  seen  through  the  clear'  water. 

The  rocks  of  gneiss,  mica-schist,  and  quartz,  are  usually  very  hard  on 
this  coast,  slow  to  decompose,  and,  when  protected  from  the  breakers, 
remaining  for  ages  unaltered  in  their  form.  Hence  it  is  easy  to  mark  the 
stages  of  their  progressive  emergence  by  the  aid  of  natural  and  artificial 
marks  imprinted  on  them.  Besides  the  summits  o{ fixed  rocks,  there  are 
numerous  erratic  blocks  of  vast  size  strewed  over  the  shoals  and  islands 
io  the  sk'dr,  which  have  been  probably  drifted  by  ice  in  the  manner  be- 
fore suggested.*  All  these  are  observed  to  have  increased  in  height  and 
dimensions  within  the  last  half  century.  Some,  which  were  forArierly 
known  as  dangerous  sunken  rocks,  are  now  only  hidden  when  the  water 
is  highest.  On  their  first  appearance,  they  usually  present  a  smooth', 
bare,  rounded  protuberance,  a  few  feet  or  yards  in  diameter ;  and  a  single 
sea-gull  often  appropriates  to  itself  this  resting-plaoe,  resorting  there  to 
devour  its  prey.  Similar  points,  in  the  mean  time,  have  grown  to  long 
reefs,  and  are  constantly  whitened  by  a  multitude  of  sea  fowl ;  while 
•then  have  been  changed  from  a  reef,  annually  submerged,  to  a  small 
islet,  on  which  a  few  lichens,  a  fir-seedling,  and  a  few  blades  of  grass, 
attest  that  the  shoal  has  at  length  been  fairly  changed  into  dry  land. 
Thousands  of  wooded  islands  around  show  the  greater  alterations  which 
time  can  work.  In  the  course  of  centuries  also,  the  spaces  intervening 
between  the  existing  islands  may  be  laid  dry,  and  beoome  grassy  plains 
encircled  by  lieights  well  clothed  with  lofty  firs.  This  last  step  of  the 
process,  by  which  long  fiords  and  narrow  channels,  once  separating 
wooded  islands,  are  deserted  by  the  sea,  has  been  exemplified  within  the 
memory  of  living  witnesses  on  several  parts  of  the  coast. 

Had  the  apparent  fall  of  the  waters  been  observed  in  the  Baltic  only, 
we  might  have  endeavoured  to  explain  the  phenomenon  by  local  causes 
aiTecting  that  sea  alone.  For  instance,  the  channel  by  which  the  Baltic 
discharges  its  surplus  waters  into  the  Atlantic,  might  be  supposed  to  have 
been  gradually  widened  and  deepened  by  the  waves  and  carrents,  in 
which  case  a  fall  of  the  water,  like  that  before  alluded  to  in  Lake  Maeler, 
might  have  occurred.  But  the  lowering  of  level  would  in  that  ease  have 
been  uniform  and  universal,  and  tlie  waters  could  not  have  rank  at  Tomeo, 
while  they  retained  their  former  level  at  Copenhagen.  Such  an  explana- 
tion is  also  untenable  on  other  grounds ;  for  it  is  a  fact,  as  Celsius  long 

•  See  pp.  174. 439. 
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^o  afiroied,  that  the  alteration  of  lerel  extends  to  the  western  shMM  of 
8weden«  bordering  the  ocean.  The  eigne  of  elevation  obeerred  bttveen 
Uddevalla  and  Gothenburg  are  as  well  established  as  those  on  the  shores 
of  the  Bothnian  Gulf.  Among  the  places  where  they  may  be  studied* 
are  the  islands  of  Marstrand  and  Gulholmen,  the  last-mentioned  locality 
being  one  of  those  particularly  pointed  out  by  Celsius. 

The  inhabitants  there  and  elsewhere  affirm*  that  the  rate  of  the  sinking 
of  the  sea  (or  elevation  of  land)  varies  in  different  and  adjoining  districts, 
being  greatest  at  points  where  the  coast  is  low.  But  in  this  they  are 
deceived ;  for  they  measure  the  amount  of  rise  by  the  area  gained*  whidi 
is  most  considerable  where  the  land  descends  with  a  gentle  slope  into  the 
sea.  In  the  same  manner*  some  advocates  of  the  Celsian  theory  formerly 
appealed  to  the  increase  of  lands  near  the  mouths  of  rivers*  not  sufficiently 
adverting  to  the  fact*  that  if  the  bed  of  the  sea  is  rising,  the  change  will 
always  be  most  sensible  where  the  bottom  has  been  previously  rendered 
shallow ;  whereas*  at  a  distance  from  these  points,  where  the  scarped 
granitic  cliffs  plunge  at  once  into  deep  water,  a  much  greater  amount  of 
elevation  is  necessary  to  produce  an  equally  conspicuous  change. 

As  to  the  area  in  northern  Europe  which  is  subject  to  this  slow  upheav- 
ing movement*  we  have  not  as  yet  sufficient  data  for  estimating  it  cor- 
rectly. It  seems  probable*  however,  that  it  reaches  from  €k>thenburg  to 
Tomeo,  and  from  thence  to  the  North  Cape,  the  rate  of  elevation  increas- 
ing always  as  we  proceed  farther  northwards.  The  two  extremities  of 
this  line  are  more  than  a  thousand  geographical  miles  distant  from  each 
other;  and  as  both  terminate  in  the  ocean,  we  know  not  how  much 
fiurther  the  motion  may  be  prolonged  under  water.  As  to  the  breadth  <tf 
tiie  tract*  its  limits  are  equally  uncertain*  though  it  evidently  extends 
across  the  widest  parts  of  the  Gulf  of  Bothnia*  and  may  probably  stretch 
far  into  the  interior,  both  of  Sweden  and  Finland.  Now,  if  the  elevation 
continue,  a  larger  part  of  the  Gulf  of  Bothnia  will  be  turned  into  land,  as 
also  more  of  the  ocean  off  the  west  coast  of  Sweden  between  Gothenburg 
and  Uddevalla ;  and,  on  the  other  hand,  if  the  change  has  been  going  on 
for  thousands  of  years  at  the  rate  of  several  feet  in  a  century,  large  tracts 
of  what  is  now  land  must  have-been  submarine  at  periods  comparatively 
modem.  It  is  natural  therefore  to  inquire  whether  there  are  any  signs 
of  the  recent  sojourn  of  the  sea  on  districts  now  inland  ?  The  answer  is 
most  satisfactory.  Near  Uddevalla  and  the  neighbouring  coastland,  we 
find  upraised  deposits  of  shells  belonging  to  species  such  as  now  live  in 
the  ocean ;  while  on  the  opposite  or  eastern  side  of  Sweden,  near  Stock- 
holm, Gefle,  and  other  places  bordering  the  Bothnian  Gulf,  there  are 
analogous  beds  containing  shells  of  species  characteristic  of  the  Baltic. 

Yon  Buch  announced,  in  1807,  that  he  had  discovered  in  Norway  and 
at  Uddevalla  in  Sweden,  beds  of  shells  of  existing  species,  at  considerable 
heights  above  the  sea.    Since  that  time*  other  naturalists  have  confirmed 


ai.XyiI.]         GRADUAL  RISE  OF  LAND  IN  SWEDEN.  445 

kiv  oiwenration ;  and,  according  to  Strom,  deposits  occur  at  an  elevation 
of  mom  than  400  feet  above  the  sea  in  the  northern  part  of  Norway.  M. 
Alex.  Brongniart,  when  he  visited  Uddevalla,  ascertained  that  one  of  the 
principal  masses  of  shells,  that  of  Capellbacken,  is  raised  more  than  200 
feet  above  the  sea,  resting  on  rocks  of  gneiss,  all  the  species  being  iden- 
tical with  those  now  inhabiting  the  contiguous  ocean.  The  same  natural- 
ist also  stated  that  on  examining  with  care  the  surface  of  the  gneiss, 
immediately  above  the  ancient  shelly  deposit,  he  found  barnacles  (balani) 
adhering  to  the  rocks,  showing  that  the  s^had  remained  there  for  along 
tune*  I  was  fortunate  enough  to  be  able  to  verify  this  observation  by 
finding,  in  the  summer  of  1834,  at  Kured,  about  two  miles  north  of 
Uddevalla,  and  at  the  height  of  more  than  100  feet  above  the  sea,  a  sur- 
face of  gneiss  newly  laid  open  by  the  partial  removal  of  a  mass  of  shells 
used  largely  in  the  district  for  making  lime  and  repairing  the  roads.  So 
finnly  did  these  barnacles  adhere  to  the  gneiss  that  I  broke  off  portions 
of  the  rock  with  the  shells  attached.  The  face  of  the  gneiss  was  also 
encrusted  with  small  zoophytes  {Cdlepora?  Lam.),  but  had  these  or  the 
barnacles  been  exposed  in  the  atmosphere  ever  since  the  elevation  of  the 
rocks  above  the  sea,  they  would  probably  have  decomposed  and  been 
obliterated. 

The  town  of  Uddevalla  stands  at  the  head  of  a  narrow  creek  overhung 
by  sleep  and  barren  rocks  of  gneiss,  of  which  all  the  adjacent  country  is 
composed,  except  in  the  low  grounds  and  bottoms  of  valleys,  where 
strata  of  sand,  clay,  and  marl  frequently  hide  the  fundamental  rocks.  To 
these  newer  and  horizontal  deposits  the  fossil  shells  above  mentioned 
belong,  and  similar  marine  remains  are  found  at  various  heights  above  the 
Ma  on  the  opposite  island  of  Orust.  The  extreme  distance  from  the  sea 
to  which  such  fossils  extend  is  as  yet  unknown,  but  they  have  been 
abeady  found  at  Trollhattan  in  digging  the  canal  there,  and  still  farther 
inland  on  the  northern  borders  of  lake  Wener,  fifty  miles  from  the  sea,  at 
an  elevation  of  200  feet,  near  Lake  Rogvarpen. 

To  pass  to  the  Baltic :  I  observed  near  its  shores  at  SSdertelje,  sixteen 
miles  S.W.  of  Stockholm,  strata  of  sand,  clay,  and  marl,  more  than  100 
feet  high,  and  containing  shells  of  species  now  inhabiting  the  Bothuian 
Golf.  These  consist  partly  of  marine  and  pardy  of  freshwater  species ; 
bot  they  are  few  in  number,  the  brackishness  of  the  water  appearing  to 
be  very  unfavourable  to  the  development  of  testacea.  The  most  abundant 
species  are  the  common  cockle,  and  the  common  muscle  and  periwinkle 
of  our  shores  (Cardium  edule^  Mytilus  adults f  and  Littorina  lUlorea)^ 
together  with  a  small  tellina  (T.  BaUica)^  and  a  few  minute  univalves 
allied  to  Paludina  ulva.  These  live  in  the  same  waters  as  a  Lymneui^ 
a  Nerilirui  {N.  /luviatUis),  and  some  other  freshwater  shells. 

But  the  marine  moUusks  of  the  Baltic  above  mentioned,  although  very 
numerous  in  individuab,  are  dwarfish  in  size,  scarcely  ever  attaining  a 
third  of  the  average  dimenaions  which  they  acquire  in  the  setter  waters 
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of  tbe  oeetn.  By  this  chaneter  alone  a  geologiat  would  genenn^1l#dhb 
lo  recognise  an  aaiemblage  of  Baltio  fossils  as  distinguished  from  ihise 
derived  from  a  deposit  in  the  ocean.  The  absence  dso  of  oysters^  ba^ 
nacles^  whelks,  scallopst  limpets  (oa/ren,  babmua^  buedmimt  fetUn^ 
paielia)t  and  many  other  forms  abooiiding  alike  in  the  sea  near  Uddevdls, 
and  in  the  fossilliferons  deposits  of  modem  diate  on  that  coast,  supplies  in 
additional  negative  character  of  the  greatest  talue,  distinguishing  asseoh 
blages  of  Baltio  from  those  of  oceanic  shells. '  Now  the  strata  containing 
Baltic  shells  are  found  in  nmy  locaTities  near  Stockholm,  Upsala,  and 
Geie,  and  will  probably  be  discoTcred  every  where  aitlund  the  bordeif 
of  the  Bothnian  Gulf;  for  I  have  seen  similar  remains  brought  from  Fin- 
land, in  marl  resembling  that  found  near  Stockholm.  The  utmost  dis- 
tance to  which  these  deposits  have  yet  been  traced  inland,  is  on  the 
southern  shores  of  Lake  Maeler,  at  a  plaoe  seventy  miles  from  the  sea.* 

As  no  accurate  observations  on  the  rise  of  the  Swedish  coast  refer  to 

* 

periods  more  remote  than  a  century  and  a*half  from  the  present  time,  and 
as  traditional  information,  and  that  derived  from  ancient  boildtngs  on  the 
coast,  do  not  enable  the  antiquairy  to  trace  back  any  monuments  of 
change  for  mora  than  five  or  six  centuries,  we  cannot  declare  whether  the 
rate  of  the  upheaving  force  is  uniform  during  very  long  periods.  In  thoss 
districts  where  the  fossil  shells  are  found  at  the  height  of  more  than  tOO 
feet  above  the  ocean,  as  at  Uddevalla,  Orust,  aiid  Lake  Rogvarpen,  the 
present  rate  of  rise  seems  less  than  four  feet  in  a  century.  Even  at  thst 
rate  it  would  have  required  five  thousand  years  to  lift  up  those  deposits. 
But  as  the  movement  is  now  very  different  in  difierent  places,  it  may  also 
have  varied  much  in  intensity  at  difierent  periods. 

Whether  any  of  the  land  in  Norway  is  now  rising  must  be  determined 
by  future  investigations.  Marine  fossil  shells,  of  recent  species,  have 
been  collected  from  inland  places  near  Drontheim  ;  but  Mr.  Everest,  in 
his  **  Travels  through  Norway,**  informs  us  that  the  small  island  of 
Munkholm,  which  is  an  insulated  rock  in  the  harbour  of  Drontheim, 
afibrds  conclusive  evidence  of  the  land  having  in  that  region  remained 
stationary  for  the  last  eight  centuries.  The  area  of  this  isle  does  not 
exceed  that  of  a  small  village,  and  by  an  ofiicial  survey,  its  highest  point 
has  been  determined  to  be  twenty-three  feet  above  the  mean  high  water 
mark,  that  is,  the  mean  between  neap  and  spring  tides.  Now,  a  monas- 
tery was  founded  there  by  Canute  the  Great,  a.d.  1028,  and  thirty-three 
years  before  that  time  it  was  in  use  as  a  common  place  of  execution. 
According  to  the  assumed  average  rate  of  rise  in  Sweden  (about  forty 
inches  in  a  century),  we  should  be  obliged  to  suppose  that  thia  island  had 
been  ihree^feet  eight  inches  below  high-water  mark  when  it  was  originally 
chosen  as  the  site  of  the  monastery. 

But  we  have  not  only  to  learn  whether  the  motion  proceeds  always  at 

*  PhU. Trans.,  183S, parti. 
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die  Mtte  rate,  but  alto  whether  it  has  been  uniformly  in  one  direction. 
The  level  of  the  land  may  oscillate  ;  and  for  centuries  there  may  be  a 
Repression,  and  afterwards  a  re-elevation,  of  the  same  district.  This 
idea  is  rendered  the  more  probable  by  the  proofs  lately  brought  to  light 
bj  two  Danish  investigators,  Dr.  Pingel  and  Captain  Graah,  of  the 
sinking  down  of  part  of  the  west  coast  of  Greenland,  for  a  space  of  more 
than  600  miles  from  north  to  south.  The  observations  alluded  to  were 
made  by  Captain  Graah  during  a  survey  of  Greenland  in  1823'*34 ;  and 
afterwards  Iq  1828-29;  those  by  Dr.  Pingel  were  made  in  1830-32.  It 
appears  from  various  signs  and  traditions,  that  the  coast  has  been  sub* 
siding  for  the  last  four  centuries  from  the  Firth  called  Igalliko  in  lat.  60° 
43'  N.  to  Disco  Bay,  extending  to  nearly  the  69th  degree  of  north  lati* 
tude.  Ancient  buildings  on  low  rocky  islands  and  on  the  shore  of  the 
mainland  have  been  gradually  submerged,  and  experience  has  taught  the 
•bprigiuai  Greenlandcr  never  to  build  his  hut  near  the  water's  edge.  In 
one  pase,  the  Moravian  settlers  have  been  obliged  more  than  once  to 
move  inland  the  poles  upon  which  their  large  boats  were  set,  and  the  old 
poles  still  remain  beneath  the  water  as  silent  witnesses  of  the  change.* 

Some  phenomena  in  tlie  neighbourhood  of  Stockholm,  appear  to  me 
pnly  explicable  on  the  suppoi^ition  of  the  alternate  rising  and  sinking  of 
the  ground  since  the  country  was  inhabited  by  man.  In  digging  a  canal, 
In  1819,  at  Sodertelje,  about  sixteen  miief  to  the  south  of  Stockholm,  to 
unite  Lake  Maeler  with  the  Baltic,  marine  strata,  containing  fossil  shells 
of  Baltic  species,  were  passed  through.  At  a  depth  of  about  sixty  feet, 
they  came  down  upon  what  seems  to  have  been  a  buried  fishing-hut,  con- 
structed of  wood,  in  a  state  of  decomposition,  which  soon  crumbled 
away  on  exposure  to  the  air.  The  lowest  part,  however,  which  had 
stood  on  a  level  with  the  sea,  was  in  a  more  perfect  slate  of  preservation. 
On  the  fioor  of  this  hut  was  a  rude  fireplace,  consisting  of  a  ring  of  stones, 
and  within  this  were  cinders  and  charred  wood.  On  the  outside  lay 
boughs  of  the  fir,  cut  as  with  an  axe,  with  the  leaves  or  needles  still 
attached.  It  seems  impossible  to  explain  the  position  of  this  buried  hut, 
witliout  imagining,  as  in  the  case  of  the  Temple  of  Serapis  (see  p.  420), 
first,  a  subsidence  to  the  depth  of  more  than  sixty  feet,  then  a  re-elevation. 
During  the  period  of  submergence,  the  hut  must  have  become  covered 
over  with  gravel  and  shelly  marl,  under  which  not  only  the  hut,  but  seve« 
rsl  vessels  also  were  found,  of  a  very  antique  form,  and  having  their 
timbers  fastened  together  by  wooden  pegs  instead  of  nails. t 

The  probable  cause  of  these  movement,  whether  of  elevation  or  de* 
pression,  will  be  more  appropriately  discussed  in  the  following  chapters, 


*  See  Proceeding!  of  Geol.  Soc.,  No.  42,  p.  208.    I  alio  convened  with  Dr.  Pin- 
gel on  the  lubject  at  Copenhagen  in  1834. 
t  See  the  paper  before  referred  to,  Phil.  Trans.,  1835,  part  i. 
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when  tlie  oripn  of  mibterranean  heat  is  considered.    But  I  may  ranark 
here,  that  the  rise  of  Scandinana  has  natarally  been  regrarded  as  a  very 
singular  and  scarcely  credible  phenomenon,  because  no  region  on  the 
globe  has  been  more  free  within  the  times  of  authentic  history  from  Tio- 
lent  earthquakes.    In  common,  indeed,  with  our  own  island,  and  with 
almost  erery  spot  on  the  globe,  some  moTcments  have  been,  at  different 
periods,  experienced,  both  in  Norway  and  Sweden.    But  some  of  these, 
as  for  example  during  the  Lisbon  earthquake  in  1765,  may  have  been 
mere  vibrations  of  the  earth's  crust  prolonged  from  a  great  distance. 
Others,  however,  have  been  sufficiently  local  to  indicate  a  soun^  of  dis- 
turbance immediately  under  the  country  itself.     Notwithstanding  these 
shocks  Scandinavia  has,  upon  the  whole,  been  as  tranquil  in  modem 
times,  and  as  free  from  subterranean  convulsions,  as  any  region  of  equal 
extent  on  the  globe.     There  is  also  another  circumstance  which  has  made 
the  change  of  level  in  Sweden  appear  anomalous,  and  has  for  a  long  time 
caused  the  proofs  of  the  fact  to  be  received  with  reluctance.     Volcanic 
action,  as  we  have  seen,  is  usually  intermittent :  and  the  variations  of 
level  to  which  it  has  given  rise  have  taken  place  by  starts,  not  by  a  pro- 
longed and  insensible  movement  similar  to  that  experienced  in  Sweden. 

Yet,  when  we  are  once  assured  of  the  reality  of  the  gradual  rise  of  a 
large  region,  it  enables  us  to  account  for  many  geological  appearances 
otherwise  very  difficult  of  explanation.  There  are  large  continental 
tracts  and  high  table  lands  where  the  strata  are  nearly  horizontal,  bearing 
no  marks  of  having  been  thrown  up  by  violent  convulsions,  nor  by  a  series 
of  movements,  such  as  those  which  occur  in  the  Andes,  and  cause  the 
earth  to  be  rent  open,  and  raised  or  depressed  from  time  to  time,  while 
large  masses  are  engulfed  in  subterranean  cavities.  The  result  of  a  series 
of  such  earthquakes  might  be  to  produce  in  a  great  lapse  of  ages  a  coun- 
try of  shattered,  inclined,  and  perhaps  vertical  strata.  But  a  movement 
like  that  of  Scandinavia  would  cause  the  bed  of  the  sea,  and  all  the  strata 
recently  formed  in  it,  to  be  upheaved  so  gradually,  that  it  would  merely 
seem  as  if  the  ocean  had  formerly  stood  at  a  higher  level,  and  had  slowly 
and  tranquilly  sunk  down  into  its  present  bed. 

The  fact  also  of  a  very  gradual  and  insensible  elevation  of  land  may 
explain  many  geological  monuments  of  denudation,  on  a  grand  scale. 
If,  for  example,  instead  of  the  hard  granitic  rocks  of  Norway  and  Sweden, 
a  large  part  of  the  bed  of  the  Adantic,  consisting  chiefly  of  soft  strata, 
should  rise  up,  century  after  century,  at  the  rate  of  about  half  an  inch,  or 
an  inch,  in  a  year,  how  easily  might  oceanic  currents,  such  as  those  de- 
scribed in  the  sixth  chapter,  sweep  away  the  thin  film  of  matter  thus 
brought  up  annually  within  the  sphere  of  aqueous  denudation!  The 
tract,  when  it  finally  emerged,  might  present  table  lands  and  ridges  of 
horizontal  strata,  with  intervening  valleys  and  vast  plains,  where  origi- 


Gh.  XVIII.]  EARTHQUAKES  AND  V0LCAN08.  M9 

A&Ily,  and  daring  its  period  of  sobmergence,  the  ■niiice  wai  level  aad 
eeariy  umfonn. 

Theee  speeulatione  relate  to  superficial  changes ;  bat  others  mast  be 
continually  in  progress  in  the  sobterranean  regions.  The  foundatione  #f 
the  country,  thas  gradually  uplifted  in  Sweden,  must  be  undergoing  im- 
portant modifications.  Whether  we  ascribe  these  to  the  expansioB  c£ 
solid  matter  by  continually  increasing  heat,  or  to  the  liquefaction  of  foek, 
or  to  the  crystallization  of  a  dense  fluid,  or  the  accumulation  of  penVap 
gases,  in  whatever  conjectures  we  indulge,  we  can  never  doubt  for  a  mo- 
ment, that  at  some  unknown  depth  the  structure  of  the  globe  is  in  our 
own  times  becoming  changed  from  day  to  day,  throughout  a  space  proba- 
cy more  than  a  thousand  miles  in  length,  and  several  hundred  in  breadth. 


CHAPTER    XVIII. 

CAUSES   OF   EARTHtlUAKES   AND   VOLCANOS. 

faitinuile  connexion  between  the  caniei  of  Tolcanoe  and  earthqnakei — Soppoaed 
original  atate  of  fnaion  of  the  planet — Universal  fluidity  not  prored  bj  apheroidal 
figure  of  the  earth — Heat  in  minei  increasing  with  the  depth  (p.  452.)— Objections 
to  the  supposed  intense  heat  of  a  central  fluid — Whether  chemical  changes  may 
produce  yolcanic  heat  (p.  456.) — Currents  of  electricity  circulating  in  the  earth's 
crust — ^Theory  of  an  nnoxidaied  metallic  nucleus  (p.  460.) — The  metallic  oxidea 
when  heated  may  be  deoxidated  by  hydrogen. 

It  will  hardly  be  questioned,  after  the  description  before  given  of  the 
phenomena  of  earthquakes  and  volcanos,  that  both  of  these  agents  have, 
to  a  certain  extent,  a  common  origin ;  and  I  may  now,  therefore,  proceed 
to  inquire  into  their  probable  causes.  But  first,  it  may  be  well  to  recapitu* 
late  some  of  those  points  of  relation  and  analogy  which  lead  natnrally  to 
llie  conclusion,  that  they  spring  from  a  common  source. 

The  regions  convulsed  by  violent  earthquakes  include  within  them  the 
site  of  ail  the  active  volcanos.  Eaiihquakes,  sometimes  local,  sometimes 
oxtending  over  vast  areas,  often  precede  volcanic  eruptions.  The  sub- 
terranean movement  and  the  eruption  return  again  and  again,  at  irregular 
intervals  of  time,  and  with  unequal  degrees  of  force,  to  the  same  spots. 
The  action  of  either  may  continue  for  a  few  hours,  or  for  several  eonseco- 
live  years.  Paroxysmal  convulsions  are  usually  followed,  in  both  easeoi 
by  long  periods  of  tranquillity.  Thermal  and  mineral  springs  are  abundant 
Vol.  I.— 8  G 
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I».  countries  of  outhqiuket  tnd  letiTO  rolcnm*  Lutly«  hot  tpringt 
•itnated  in  districts  considerably  distant  from  volcanic  Tonts  liavo  bean 
obserred  to  have  their  temperatore  suddenly  raiaedy  and  the  vokiine  of 
their  water  aogmeqted*  by  subterranean  moTements. 

All  these  appearances  are  evidently  more  or  less  oonaected  with  the 
passage  of  heat  from  the  iDterior  of  the  earth  to  the  snrfaee;  and  when 
there  are  active  volcanos,  there  roust  ezist«  at  some  nnkaown  depth  b^ 
lowt  enormous  maases  of  matter  intensely  heated,  and,  in  many  inatanest, 
Hi  a  constant  state  of  fosien.  We  have  first,  then,  to  inqnire,  whence  ii 
this  heat  derived ! 

It  has  IfBg  been  a  favoorite  conjeetare,  that  the  wholo  of  onr  planet 
was  origlplHjt  in  a  state  of  igneoos  fusion,  and  that  the  central  parts  stil 
retain  a  great  portion  of  their  primitive  heat.  Some  have  imagined,  with 
the  late  Sir  W«  Hersohel,  that  the  elementary  matter  of  the  earth  may 
have  been  first  in  a  gaseous  state,  resembling  those  nebula  which  we  be* 
hold  in  the  heatens,  and  which  are  of  dimensions  so  vast,  that  some  of 
them  would  fill  the  orbits  of  the  remotest  planets  of  our  system.  It  is 
conjectured  that  such  aeriform  matter  (for  in  many  eases  the  nebakmt 
appearance  cannot  be  referred  to  clusters  of  very  distant  atara),  if  comsd- 
trated,  might  form  solid  spheres ;  and  othem  hane  imagined  that  the  evth 
lotion  of  heal,  attendant  on  condensation,  might  retain  the  materials  of  the 
new  globes  in  a  state  of  igneous  fiision. 

.Without  dwelling  on  such  speculations,  which  can  only  have  a  distant 
bearing'  on  geology,  we  may  consider  how  far  the  apbeFoidat  form  of  tbt 
earth  affords  sufiicient  ground  for  presuming  that  its  primitive  condition 
was  one  of  universal  fluidity.  The  discussion  of  this  question  would  be 
superfluous,  were  the  doctrine  of  original  fluidity  less  popular ;  for  it  may 
well  he  askedf  why  the  globe  should  be  supposed  to  have  bad  a  pristine 
shape  different  from  the  present  one  ?— why  tho  tetrestrial  m&leriab,  when 
first  called  into  existence,  or  assembled  together  in  one  place,  should  not 
have  been  subject  to  rotation,  so  as  to  assums  at  once  that  form  which 
alone  coukl  retain  their  several  parts  in  a  state  of  equilibrium^?. 

Let  us,  however,  concede  that  the  statical  figure  may  be  a  modification 
of  some  other  pre-existing  form,  and  suppose  the  globe  to  have  been  at 
first  a  perfect  and  quiescent  aphere,  covered  with  an  uniform  ocean— what 
would  happen  when  it  was  made  to  turn  round  on  its  axis-  with  its  present 
velocity  ?  **  A  centrifugal  force^"  says  Sir  J.  Herschel,  **  would  in  that 
ease  be  generated,  whose  general  tendency  would  be  to  urge  the  water  al 
evecy  point  of  the  surface  to  recede  from  the  axU.  A  rotation  might  in- 
deed be  conceived  so  swift  as  to  flict  the  whole  ocean  from  the  surfacsr 
like  water  from,  a  mop.^  But  Uiis  would  require  a  (ac  greater  velocity  than 
what  we  now  speak  of.  In  the  case  supposed,  the  weighi  of  the  water 
would  still  keep  it  on  the  earth ;  and  the  tendency  to  recede  from  the  axis 
cmiU  only  be  satisfied,  therefore,,  by  the  water  leaving  the  pofes,  and 
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lowing  towards  the  equator ;  there  heaping  itself  up  in  a  ridge,  and  being 
retained  in  opposition  to  its  weight  or  natural  tendency  towards  the  centre 
by  the  pressure  thus  caused.  This,  however,  could  not  take  place  with- 
out laying  dry  the  polar  regions,  so  that  protuberant  land  would  appear 
at  the  poles,  and  a  zone  of  ocean  be  disposed  around  the  equator.  This 
would  be  the  first  or  immediate  effect.  Let  us  now  see  what  would  after- 
wards happen,  if  things  were  allowed  to  take  their  natural  course. 

**  The  sea  is  constantly  beating  on  the  land,  grinding  it  down,  and 
scattering  its  worn-off  particles  and  fragments,  in  the  state  of  sand  and 
pebbles,  over  its  bed.  Geological  facts  afford  abundant  proof  that  the 
existing  continents  have  all  of  them  undergone  this  process,  even  more 
than  once,  and  been  entirely  torn  in  fragments,  or  reduced  to  powder, 
and  submerged  and  reconstructed.  Land,  in  this  view  of  the  subject, 
loses  its  attribute  of  fixity.  As  a  mass  it  might  hold  together  in  opposi- 
tion to  forces  which  the  water  freely  obeys  ;  but  in  its  state  of  successive 
or  simultaneous  degradation,  when  disseminated  through  the  water,  in 
the  state  of  sand  or  mud,  it  is  subject  to  all  the  impulses  of  that  fluid.  In 
the  lapse  of  time,  then,  the  protuberant  land  would  be  destroyed,  and 
spread  over  the  bottom  of  the  ocean,  filling  up  the  lower  parts,  and  tend- 
ing continually  to  re-model  the  surface  of  the  solid  nucleus,  in  correspon- 
dence with  theybrvn  of  equilibrium.  Thus,  after  a  suflicient  lapse  of  time, 
in  the  case  of  an  earth  in  rotation,  the  polar  protuberances  would  gradually 
be  cut  down  and  disappear,  being  transferred  to  the  equator  (as  being 
then  the  deepest  aea),  till  the  earth  would  assume  by  degrees  the  form  we 
observe  it  to  have — that  of  a  flattened  or  obtate  ellipsoid. 

"  We  are  far  from  meaning  here  to  trace  the  process  by  which  the 
earth  really  assumed  its  actual  form  ;  all  we  intend  is  to  show  that  this  is 
the  form  to  which,  under  a  condition  of  a  rotation  on  its  axis,  it  must  tendf 
and  which  it  would  attain  even  if  originally  and  (so  to  speak)  perversely 
constituted  otherwise.'** 

In  this  passage,  the  author  has  contemplated  the  superficial  effects  of 
aqueous  causes  only  ;  he  might  have  added  that  every  stream  of  lava  which 
flowed  out  of  a  volcano  would  be  impelled,  in  a  slight  degree,  towards  the 
equatorial  regions,  in  obedience  to  the  same  power ;  and  if  the  volcanie 
action  should  extend  to  great  depths,  so  as  to  melt,  one  after  another, 
different  parts  of  the  earth,  the  whole  interior  might  at  length  be  remodelled 
under  the  influence  of  similar  changes,  due  to  causes  which  may  all  be 
operating  at  this  moment.  The  statical  figure,  therefore,  of  the  terrestrial 
spheroid  (of  which  the  longest  diameter  exceeds  the  shortest  by  about 
twenty-five  miles),  may  have  been  the  result  of  gradual  and  even  of  exist- 
ing causes,  and  not  of  a  primitive,  universal,  and  simultaneous  fluidity. 

Experiments  made  with  the  pendulum,  and  obaervatioas  on  the  manner 

*  Herschers  Astronomy^  ehap.  iiL 
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m  which  Ami  earth  altnelt  the  moony  have  showo  thai  cmr  planet  ia  not 
an  enpty  a|dieie»  bvi  tl^i  it  must  rather  increaae  in  denaitj  fton  the  ear* 
fiiee  towaida  the  oentre ;  and  it  haa  alao  been  inferred  that  the  eqaaiarial 
pvetoberpnee  ia  continued  inwarda,  that  ia  to  aay,  that  layeia  of  equal 
denaity  are  arranged  eUiptically»  and  aymoietrieaUy»  from  the  exterior  to 
the  centra.  The  inequalitiea,  however,  in  the  moon*a  motion,  on  which 
thia  opinion  ia  founded,  are  ao  extremely  alight,  tl^  it  can  be  regarded  as 
little  more  than  a  probable  conjecture. 

The  mean  denaity  of  the  earth  haa  been  computed  by  Laplace  to  be 
aboit  My  er  mim  than  fiTcUmea  thatof  water*  Now theapecifle  granqr 
of  many  of  our  roeka  ia  from  Si  to  8,  and  the  greater  part  of  the  metab 
range  befiireen  that  density  and  21*  Hence  aome  haTC  imagmed  that  the 
terrestrial  budeua  may  be  metallio— that  it  may  correapond,  fiw  example, 
with  the  apecific  gravity  of  iron,  which  is  about  7.  But  here  a  eorioui 
question  ariaes  in  regard  to  the  form  which  materiali,  whether  flnid  or 
aolid,  miglit  assume,  if  subjected  to  the  enormous  pressure  which  must 
obtain  at  the  earth's  centre*  Water,  if  it  continued  to  decreaae  in  volume 
egBcording  to  the  rate  of  compressibility  deduced  from  experimmit,  would 
heve  its  density  doubled  at  the  depth  of  ninety-three  miles,  and  be  as 
heavy  as  mercury  at  the  depth  of  802  milea.  Dr.  Young  oompated  that, 
at  the  earth's  oentre,  steel  would  be  compressed  into  one-fourth,  and  stone 
into  ooe-ei^th  of  its  bulk.*  It  is  more  than  probable,  however,  thataftsr 
a  certain  degree  of  condenaatbn,  the  compreaaihiUty  of  bodiea  may  be 
governed  by  laws  altogether  different  from  those  which  we  can  pot  to  the 
test  of  experiment ;  but  the  limit  is  still  undetermined,  and  the  subjeet  it 
involved  in  such  obscurity,  that  we  cannot  wonder  at  the  variety  of  notions 
which  have  been  entertained  respecting  the  nature  and  conditiona  of  the 
central  nucleus.  Some  have  conceived  it  to  be  fluid,  others  solid  ;  some 
have  imagined  it  to  have  a  cavernous  structure,  and  have  even  endeavoured 
to  confirm  this  opinion  by  appealing  to  observed  irregularities  in  the  vi- 
brations of  the  pendulum  in  certain  countries. 

Central  Heat. — The  hypothesis  of  internal  fluidity  calls  for  the  more 
attentive  consideration,  as  it  has  been  found  that  the  heat  in  minea  aug- 
ments in  proportion  as  we  descend.  Observations  have  been  made,  not 
only  on  the  temperance  of  the  air  in  mines,  but  on  that  of  the  rocks,  snd 
on  the  water  issuing  from  them.  The  mean  rate  of  increase,  calculated 
from  results  obtained  in  six  of  the  deepest  coal  miles  in  Durham  and 
Northumberland,  is  I^  Fahr.  for  a  descent  of  forty-four  Engliah  faeUt 
A  aeries  of  observations,  made  in  several  of  t)ie  principal  lead  and  ailver 
mines  in  Saxony,  gave  1°  Fahr.  for  every  sixty-five  feet    In  this  cass. 


*  Toeng'fl  Leeturw,  and  Mn.  Soraenrille's  Connexion  of  the  PliTaical  Sdenoet, 
p.  90. 
\  Ed.  Journal  of  Sci.,  AprU,  1838. 
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the  bulb  of  the  thermometer  was  introduced  into  cavities  purposely  cut  in 
the  solid  rock  at  depths  varying  from  two  hundred  to  above  nine  hundred 
feet  But  in  other  mines  of  the  same  country,  it  was  necessary  to 
descend  thrice  as  far  for  each  degree  of  temperature.* 

A  thermometer  was  fixed  in  the  rock  of  the  l>olcoath  mine,  in  Corn- 
wall, by  Mr.  Fox,  at  the  great  depth  of  1380  feet,  and  frequently  observed 
during  eighteen  months ;  the  mean  temperature  was  68°  Fahr.,  that  of 
the  surface  being  50°,  which  gives  1°  for  every  seventy-five  feet. 

Kupffer,  after  an  extensive  comparison  of  the  results  in  different  coun- 
tries, makes  the  increase  1°  F.  for  about  every  thirty-seven  English  feet  ;t 
and  Cordier  considers  that  it  would  not  be  overstated  at  1°  Cent,  for  every 
twenty-five  metres,  or  about  1°  F.  for  every  forty-five  feet4 

Some  writers  have  endeavoured  to  refer  these  phenomena  (which, 
however  discordant  as  to  the  ratio  of  increasing  heat,  appear  all  to  point 
one  way),  to  the  condensation  of  air  constantly  descending  from  the  sur- 
face into  the  mines.  For  the  air  under  pressure  would  give  out  latent 
heat,  on  the  same  principle* as  it  becomes  colder  when  rarified  in  the 
higher  regions  of  the  atmosphere.  But  besides  that  the  quantity  of  beat 
is  greater  than  could  be  supposed  to  flow  from  this  source,  the  argument 
has  been  answered  in  a  satisfactory  manner  by  Mr.  Fox,  who  has  shown, 
that  in  the  mines  of  Cornwall  the  ascending  have  generally  a  higher 
temperature  than  the  descending  aerial  currents.  The  difiference  between 
them  was  found  to  vary  from  9°  to  17°  Fahr. :  a  proof,  that  instead  of 
imparting  heat,  these  currents  actually  carry  ofi*  a  large  quantity  from  the 
mines.$ 

If  we  adopt  M.  Cordier's  estimate  of  1°  Fahr.  for  every  45  feet  of 
depth  as  the  mean  result,  and  assume,  with  tlie  advocates  of  central 
fluidity,  that  the  increasing  temperature  is  continued  downwards,  we 
should  reach  the  ordinary  boiling  point  of  water  at  about  two  miles  below 
the  surface,  and  at  the  deptli  of  about  twenty-four  miles  should  arrive  at 
the  melting  point  of  iron,  a  heat  suflicient  to  fuse  almost  every  known 
substance.  The  temperature  of  melted  iron  was  estimated  at  21,000° 
Fahr.  by  Wedgwood  ;  but  his  pyrometer  gives,  as  is  now  demonstrated, 
very  erroneous  results.  It  has  been  ascertained  by  Professor  Daniell, 
that  the  point  of  fusion  is  2786°  Fahr.|| 

*  Cordier,  M^m.  de  rinstit.,  torn.  vii.  t  Ppg.  Ann.  torn.  zy.  p.  159. 

t  Cordier,  M^ra.  de  I'lnitit.,  torn.  vii.  $  Phii.  Mag.  and  Ann.,  Feb.  1830. 

II  The  heat  was  measured  in  Wedgwood'e  pjrometer  bj  the  contraction  of  pure 
clay,  which  ia  reduced  in  rolume  when  heated,  fint  by  the  Iom  of  its  water  of  com- 
bination, and  aflerwards  on  the  application  of  more  intense  heat,  by  incipient  vitrifi- 
cation. The  expansion  of  platina  is  the  test  employed  by  Mr.  Daniell,  in  his  pyrome- 
ter, and  this  has  been  found  to  yield  uniform  and  consistent  results,  such  as  are  in 
perfect  harmony  with  conclusions  drawn  from  varions  other  independent  sources. 
The  instrument  for  which  the  author  received  the  Rumford  Medal  from  the  Royal 
Society  in  1833,  is  described  in  the  PhU.  Trans.  1830,  part  u.,  and  1331,  part  U. 
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By  adopting  the  least  correct  of  these  two  results  the  melting  point  of 
our  ordinary  rocks  would  be  farther  removed  from  the  surface;  but  this 
difference  does  not  affect  the  probability  of  tlie  theory  now  under  con- 
sideration. According  to  Mr.  Daniell's  scale,  wo  ought  to  encounter  the 
internal  melted  matter  before  penetrating  through  a  thickness  represented 
by  that  of  the  outer  circular  line  in  the  annexed  diagram  (Fig.  59.) ; 

Tig.  59. 


Section  of  the  earth  in  which  the  breadth  of  the  outer  boundary  line  represents  a  thick- 
ness of2o  miles;  the  space  between  the  circles  including  the  breadth  of  the  lines j^Od 
miles. 

whereas,  if  the  other  scale  be  correct,  we  should  meet  with  it  at  some 
point  between  the  two  circles  ;  the  space  between  them,  together  with 
the  lines  themselves,  representing  a  crust  of  two  hundred  miles  in  depth. 
In  either  case,  we  must  be  prepared  to  maintain,  that  a  temperature  many 
times  greater  than  that  sufficient  to  melt  the  most  refractory  substances 
known  to  us,  is  sustained  at  the  centre  of  the  globe ;  while  a  compara- 
tively thin  crust,  resting  upon  the  fluid,  remains  unmelted ;  or  is  even, 
according  to  M.  Cordier,  increasing  in  thickness,  by  the  continual  addi- 
tion of  new  internal  layers  solidified  during  the  process  of  refrigeration. 

The  mathematical  calculations  of  Fourier,  on  the  passage  of  heat 
through  conducting  bodies,  have  been  since  appealed  to  in  support  of 
these  viewH ;  for  he  has  shown  that  it  is  compatible  with  theory  that  the 
present  temperature  of  the  surface  might  coexist  with  an  intense  heat,  at 
a  certain  depth  below.     But  his  reasoning  seems  to  be  confined  to  the 
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conduction  of  heat  through  solid  bodies  ;  and  the  conditions  of  the  pro- 
biem  are  wholly  altered  when  we  reason  about  a  fluid  nucleus,  as  we 
moit  do,  if  it  be  assumed  that  the  heat  augments  from  the  surface  to  the 
interior,  according  to  the  rate  observed  in  mines.  For  when  the  heat  of 
the  lower  portion  of  a  fluid  is  increased,  a  circulation  begins  thoughout 
the  mass,  by  the  ascent  of  hotter,  and  the  descent  of  colder  currents. 
And  this  circulation,  which  is  quite  distinct  from  the  mode  in  which  heat 
is  propagated  through  solid  bodies,  must  evidently  occur  in  the  supposed 
central  ocean,  if  the  laws  of  fluids  and  of  heat  are  the  same  there  as  upon 
(he  surface. 

In  Mr.  Darnell's  recent  experiments  for  obtaining  a  measure  of  the  heat 
of  bodies,  at  their  point  of  fusion,  he  invariably  found  that  it  was  impos- 
sible to  raise  the  heat  of  a  large  crucible  of  melted  iron,  gold,  or  silver, 
a  single  degree  beyond  the  melting  point,  so  long  as  a  bar  of  the  respec- 
tive metals  was  kept  immersed  in  the  fluid  portions.  Su  in  regard  to 
other  substances,  however  great  the  quantities  fused,  their  temperature 
could  not  be  raised  while  any  solid  pieces  immersed  in  ihem  remained 
unmelted  ;  every  accession  of  heat  being  instantly  absorbed  during 
their  liquefiaction.  These  results  are,  in  fact,  no  more  than  the  exten- 
sion of  a  principle  previously  established,  that  so  long  as  a  fragment  of 
ice  remains  in  water,  we  cannot  raise  the  temperature  of  the  water  above 

If,  then,  the  heat  of  the  earth's  centre  amount  to  450,000^  F.,  as  M. 
Cordier  deems  highly  probable,  that  is  to  say,  about  twenty  times  the  heat 
of  melted  iron,  even  according  to  Wedgwood's  scale,  and  upwards  of  160 
times  according  to  the  improved  pyrometer,  it  is  clear  tliat  the  upper 
parts  of  the  fluid  mass  could  not  long  have  a  temperature  only  just  suflli- 
cient  to  melt  rocks.  There  must  be  a  continual  tendency  towards  a  uni- 
form heat ;  and  until  this  were  accomplished,  by  the  interchange  of  portions 
of  fluid  of  diflferent  densities,  the  surface  could  not  begin  to  consolidate. 
Nor,  on  the  hypothesis  of  primitive  fluidity,  can  we  conceive  any  crust  to 
have  been  formed  until  the  whole  planet  had  cooled  down  to  about  the 
temperature  of  incipient  fusion. 

It  cannot  be  objected  that  hydrostatic  pressure  would  prevent  a  tendency 
to  equalization  of  temperature ;  for,  as  far  as  observations  have  yet  been 
made,  it  is  found  that  the  waters  of  deep  lakes  and  seas  are  governed  by 
the  same  laws  as  a  shallow  pool ;  and  no  experiments  indicate  that  solids 
resist  fusion  under  high  pressure.  The  arguments,  indeed,  now  con- 
troverted, always  proceed  on  the  admission  that  the  internal  nucleus  is  in 
a  state  of  fusion. 

It  may  be  said  that  we  may  stand  upon  the  hardened  surface  of  a  lava 
current  while  it  is  still  in  motion, — nay,  may  descend  into  the  crater  of 
Vesuvius  after  an  eruption,  and  stand  on  the  scoriae  while  every  crevice 
shows  that  the  rock  is  red-hot  two  or  three  feet  below  us ;  and  at  a  some- 
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what  greater  depth,  all  ib,  perhaps,  in  a  9late  of  fuaion.  May  not,  then,  a 
inuch  more  intense  heat  be  expeeted  at  the  depth  of  several  hundred  yards, 
or  miles  ?  The  answer  is,— that,  until  a  great  quantity  of  heat  has  been 
given  off,  either  by  the  emission  of  lava,  or  in  a  latent  form  by  the  evolu- 
tion of  steam  and  gas,  the  melted  matter  continues  to  \>oil  in  the  crater  of 
a  volcano.  But  ebullition  ceases  when  there  is  no  longer  a  sufficient 
supply  of  heat  from  below,  and  then  a  crust  of  lava  may  form  on  the  top, 
and  showers  of  scoriae  may  then  descend  upon  the  surface,  and  remain 
unmelted.  If  the  internal  heat  be  raised  again,  ebullition  will  recom- 
mence, and  soon  fuse  the  superficial  crust.  So  in  the  case  of  the  moving 
current,  we  may  safely  assume  that  no  part  of  the  liquid  beneath  the 
hardened  surface  is  much  above  the  temperature  sufficient  to  retain  it  in  a 
state  of  fluiditv. 

It  may  assist  us  in  forming  a  clearer  view  of  the  doctrine  now  contro- 
verted, if  we  consider  what  would  happen  were  a  globe  of  homogeneous 
composition  placed  under  circumstances  analogous,  in  regard  to  the  dis- 
tribution of  heat,  to  those  above  stated.  If  the  whole  planet,  for  example, 
were  composed  of  water  covered  with  a  spheroidal  crust  of  ice  fifty  miles 
thick,  and  with  an  interior  ocean  having  a  central  heat  about  two  hundred 
times  that  of  the  melting  point  of  ice,  or  6400°  F. ;  and  if,  between  tlie 
surface  and  the  centre,  there  was  every  intermediate  degree  of  tempera- 
ture between  that  of  melting  ice  and  that  of  the  central  nucleus ;— could 
such  a  state  of  things  last  for  a  moment  ?  If  it  must  be  conceded,  in  this 
case,  that  the  whole  spheroid  would  be  instantly  in  a  state  of  violent  ebuUi- 
tion,  that  the  ice  (instead  of  being  strengthened  annually  by  new  internal  lay- 
ers) would  soon  melt,  and  form  part  of  an  atmosphere  of  steam — on  what 
principle  can  it  be  maintained  that  analogous  effects  would  not  follow,  in 
regard  to  the  earth,  under  the  conditions  assumed  in  the  theory  of  central 
heat? 

M.  Cordier  admits  that  there  must  be  tides  in  the  internal  melted  ocean ; 
but  their  effect,  he  says,  has  become  feeble,  although  originally,  when  the 
fluidity  of  the  globe  was  perfect,  the  rise  and  fall  of  these  ancient  land 
tides  could  not  have  been  less  than  from  thirteen  to  sixteen  feet.  Now 
granting,  for  a  moment,  that  these  tides  have  become  so  feeble  as  to  be 
incapable  of  lifting  up  every  six  hours  the  fissured  shell  of  Uie  earth,  may 
we  not  ask  whether,  during  eruptions,  jets  of  lava  ought  not  to  be  thrown 
up  from  the  craters  of  volcanos,  when  the  tides  rise? — and  whether  the 
same  phenomena  would  not  be  conspicuous  in  Stromboli,  where  there  is 
always  lava  boiling  in  the  crater  ?  Ought  not  the  fluid,  if  connected  with 
the  interior  ocean,  to  disappear  entirely  on  the  ebbing  of  its  tides? 

Wliether  chemical  changes  may  produce  volcanic  Aea^.<— Having  now  ex- 
plained the  reasons  which  have  induced  me  to  question  the  hypothesis  of 
central  heat  as  tlie  pirmary  source  of  volcanic  action,  it  remains  to  consider 
what  has  been  termed  the  chemical  theory  of  volcanos.  It  is  well  known  that 
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many,  perhaps  all,  of  the  substances  of  which  the  earth  is  composed  are 
eoDtinaally  undergoing  chemical  changes.  To  what  depth  these  pro- 
oaSMS  miay  be  continued  downwards  must,  in  a  great  degree,  be  matter 
of  conjecture ;  but  there  is  no  reason  to  suspect  that,  if  we  could  descend 
to  ft  great  distance  from  the  surface,  we  should  find  elementary  substances 
differing  essentially  from  those  with  which  we  are  acquainted. 

Playfftir  has,  indeed,  attempted  to  deduce,  from  an  observation  of  Pal- 
kfl,  thftt  we  can,  by  the  aid  of  geology,  see,  as  it  were,  into  the  interior 
IS  far  as  thirty  miles  or  more ;  for  Pallas  had  described,  in  the  peninsula 
of  Tauris,  a  series  of  parallel  >strata  as  regular  as  the  leaves  of  a  book,  in** 
clined  at  an  angle  of  45^  to  the  horizon,  and  exposed  in  a  continuous  sec- 
tion eighty-six  English  miles  long.  The  height  of  the  range  of  hills 
composed  of  these  strata  does  not  exceed  twelve  hundred  feef ;  but  if  we 
measure  the  thickness  of  the  stratified  mass  by  a  line  perpendicular  to  its 
stratification,  the  height  of  the  uppermost  bed  above  the  undermost  must 
have  been  originally  more  than  sixty  miles  ;  and,  even  allowing,  says 
Playfftir,  that  the  strata  had  shifted  during  their  elevation,  we  may  still 
suppose  a  thickness  of  thirty  miles.  But,  if  a  deception  to  the  extent  of 
ODe*bftlf  is  allowed  for,  on  the  score  of  shifting,  it  may  well  be  asked  why 
the  same  cause  might  not  have  produced  a  much  greater  amount  of  error  ! 
I  shftll  point  out,  in  another  place,  that,  besides  the  probability  of  a  shift- 
ing of  the  beds  during  elevation,  there  may  also  have  been  an  original 
devialioii  from  horizontality  in  the  strata,  which  might  cause  them  to 
asrame  the  appearance  of  having  b^n  deposited  in  an  ocean  many  leagues 
in  depth,  when,  in  fact,  they  may  have  been  accumulated  in  a  sea  only  a 
few  hnndred  fathoms  deep.* 

Nevertheless,  since  we  discover  in  mountain  chains  strata  thousands 
of  feet  thick,  which  must  have  been  formed  at  the  bottom  of  the  sea,  but 
are  now  raised  to  the  heiglit  of  three  or  four  miles  above  it,  we  may  fairly 
speculate  on  the  probability  of  rocks,  such  as  are  now  on  the  surface,  ex- 
isting at  the  depth  of  several  leagues  below. 

We  may  next  recal  to  mind  that  all  the  solid,  fluid,  and  gaseous  bodies 
which  enter  into  the  composition  of  the  earth,  consist  of  a  very  small 
number  of  elementary  substances  variously  combined :  the  total  number 
of  elements  at  present  known  is  less  than  sixty ;  and  not  half  of  these 
enter  into  the  composition  of  the  more  abundant  inorganic  productions. 

Some  portions  of  the  compounds  above  alluded  to  are  daily  resolved 
into  their  elements ;  and  these,  on  being  set  free,  are  always  passing 
into  new  combinations.  These  processes  are  by  no  means  confined  to 
the  surface,  and  are  almost  always  accompanied  by  the  evolution  of 
heat,  which  is  intense  in  proportion  to  the  rapidity  of  the  combinations. 
At  the  same  time,  there  is  a  development  of  electricity. 

*  Book  if.  chap.  zil.  , 
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It  is  well  known  that  mixtures  of  sulphur  and  iron,  sunk  in  the  ground, 
and  exposed  to  moisture,  give  out  sufficient  heat  to  pass  gradually  into  a 
state  of  combustion,  and  to  set  fire  to  any  bodies  that  are  near.  The  fol- 
lowing experiment  was  first  made  by  Lemery :— Let  a  large  quantity  of 
clean  iron  filings  be  mixed  with  a  still  larger  proportion  of  sulphur,  and 
as  much  water  as  is  necessary  to  make  them  into  a  firm  paste.  Let  the 
mixture  be  then  buried  in  the  earth,  and  the  soil  pressed  down  firmly 
upon  it.  In  a  few  hours  it  will  grow  warm,  and  swell  so  as  to  raise  the 
ground ;  sulphurous  vapours  will  make  their  way  through  the  crevices, 
and  sometimes  flames  appear.  There  is  rarely  an  explosion ;  but,  when 
this  happens,  the  fire  is  vivid,  and,  if  the  quantity  of  materials  is  con- 
siderable, the  heat  and  fire  both  continue  for  a  long  time.* 

The  spontaneous  combustion  of  beds  of  bituminous  shale,  and  of  refuse 
coal  thrown  out  of  mines,  is  also  generally  due  to  the  decomposition  of 
pyrites ;  and  it  is  the  contact  of  water,  not  of  air,  which  brings  about  the 
change.  A  smouldering  heat  results  from  the  various  new  combinations, 
which  immediately  take  place  when  the  sulphur  and  other  substances  are 
set  free.  Similar  effects  are  often  produced  in  mines  where  no  coaly 
matter  is  present,  where  substances  capable  of  being  decomposed  by  water 
are  heaped  together. 

On  what  principle  heat  is  generated,  when  two  or  more  bodies  having 
a  strong  affinity  for  each  other  unite  suddenly,  is  wholly  unexplained ; 
but  it  is  a  singular  fact  that,  while  chemical  combination  causes  heat,  the 
disunion  of  elements  does  not  produce  the  opposite  effect,  or  a  corres- 
ponding degree  of  cold.  It  may  be  said  that  decomposition  is  usually 
brought  about  by  the  combination  of  one  or  more  of  the  elements  with  a 
new  substance,  and  this  concomitant  agency  might  be  supposed  to  neu- 
tralize or  counterbalance  any  frigorific  effects  which  might  otherwise  be 
sensible.  But  this  explanation  is,  in  many  cases,  wholly  inapplicable ; 
as,  for  example,  when  the  voltaic  pile  is  used  for  decomposition,  or  in  the 
more  striking  instance  of  the  well-known  detonating  powder,  the  iodine 
of  nitrogen,  which  explodes  with  violence  in  the  open  air,  the  instant  it 
is  touched  by  a  cold  substance.  The  two  elements  into  which  this  binary 
compound  is  resolved  fly  off  in  a  gaseous  form,  and  do  not  unite  with 
any  other  body,  the  iodine  rising  in  a  purple  vapour,  while  the  nitrogen 
may  be  collected  separately.  Yet  sudden  as  is  the  process  by  which 
their  union  is  broken,  we  find  that  heat  and  light,  instead  of  cold,  are 
generated. 

Ekctricily  a  source  of  volcanic  heat. — It  has  already  been  stated,  that 
chemical  changes  develope  electricity;  which,  in  its  turn,  becomes  a 
powerful  disturbing  cause.  As  a  chemical  agent,  says  Davy,  its  silent 
and  slow  operation  in  the  economy  of  nature  is  much  more  important 

*  Daubeny's  VolcaniNi,  p.  356. 
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than  its  grand  and  impressive  operation  in  lightning  and  thunder.  It 
may  be  considered,  not  only  as  directly  producing  an  infinite  variety  of 
ehangefy  but  as  influencing  almost  all  which  take  place ;  it  would  seem, 
indeed,  that  chemical  attraction  itself  is  only  a  peculiar  form  of  the  exhi- 
bition of  electrical  attraction.** 

Now  that  it  has  been  demonstrated  that  magnetism  and  electricity  are 
always  associated,  and  are  perhaps  only  different  conditions  of  the  same 
power,  the  phenomena  of  terrestrial  magnetism  have  become  of  no  ordi- 
nary interest  to  the  geologist.  Soon  after  the  first  great  discoveries  of 
Oersted  in  electro-magnetism.  Ampere  suggested  that  all  the  phenomena 
of  the  magnetic  needle  might  be  explained  by  supposing  currents  of  elec- 
tricity to  circulate  constantly  in  the  shell  of  the  globe  in  directions  parallel 
to  the  magnetic  equator.  This  theory  has  acquired  additional  consistency 
the  farther  we  have  advanced  in  science  ;  and  according  to  the  experi- 
ments of  Mr.  Fox,  on  the  electro-magnetic  properties  of  metalliferous 
veinsy  some  trace  of  electric  currents  seems  to  have  been  detected  in  the 
interior  of  the  earth.t 

Some  philosophers  ascribe  these  currents  to  the  chemical  action  going  . 
oa  in  the  superficial  parts  of  the  globe  to  which  air  and  water  have  the 
readiest  access ;  while  others  refer  tliem,  in  part  at  least,  to  thermo-elec- 
tricity excited  by  the  solar  rays  on  the  surface  of  the  earth  during  its 
rotation ;  successive  parts  of  the  land  and  sea  being  exposed  to  the  in- 
^oence  of  the  sun,  and  then  cooled  again  in  the  night.  That  this  idea  is 
not  a  mere  speculation,  is  proved  by  the  correspondence  of  the  diurnal 
variations  of  the  magnet  with  the  apparent  motion  of  the  sun ;  and  by 
the  greater  amount  of  variation  in  summer  than  in  winter,  and  during  the 
day  than  in  the  night.  M.  de  la  Rive,  although  conceding  that  such 
minor  variations  of  the  needle  may  be  duo  to  thermo-electricity,  contends 
that  the  general  phenomena  of  terrestrial  magnetism  must  be  attributed  to 
currents  far  more  intense ;  whicli,  though  liable  to  secular  fluctuations, 
act  with  much  greater  constancy  and  regularity  than  the  causes  which 
produce  the  diurnal  variations.:!:  The  remark  seems  just;  yet  it  is  difli- 
cult  to  assign  limits  to  the  accumulated  influence  even  of  a  very  feeble 
force  constantly  acting  on  the  whole  surface  of  the  earth.  This  subject, 
however,  must  evidently  remain  obscure,  until  we  become  acquainted 
witli  the  causes  which  give  a  determinate  direction  to  the  supposed  elec- 
tric currents.  Already  the  experiments  of  Faraday  on  the  rotation  of 
magnets  have  led  him  to  speculate  on  the  manner  in  which  the  earth, 
when  once  it  had  become  magnetic,  might  produce  electric  currents  within 
itself,  in  consequence  of  its  diurnal  rotation. § 

Before  leaving  the  consideration  of  thermo-electricity,  I  may  remark, 

*  Consolations  in  Travel,  p.  271.  f  Phil.  Trans.  1830,  p.  399. 

t  Biblioth.  Univers.,  1833,  £lectricite. 

§  Phil.  Trans.,  1832,  p.  176. }  also  pp.  172, 173y^kc. 
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that  it  tnaj  liw  genertted  b]r  great  iaequalitiaa  of  tampMalnnuariaiaf  fram 
i^i^rtial  dittribuiion  of  Tolcanio  heat.  WhieroTort  for  6zaaiplB»  iBMeea 
of  rook  ocoar  of  great  horixontal  exteat,  and  of  conaidarablo  daptl^  wUbh 
aret  at  one  pohl  in  a  state  of  fusion  (aa  beneath  aome  aeti?e  Yoleano) ;  at 
another,  red  hot;  and  at  a  thirds  comparaliTeljr  oold— atrong  th«mio- 
electric  action  may  be  excited. 

Some,  perhaps,  may  object*  that  this  is  raasoniog  in  a  oirdo;  first  to 
intioduce  electiicity  as  one  of  the  primary  caoaes  of  Tolcanio  heatt  and 
then  to  derive  the  same  heat  firom  theiTno-eleetrio  eunenls.  Bat  then 
ranstv  in  troth,  be  much  reciprocal  action  between  the  agents  now  andtr 
consideration;  and  it  is  very  difficulls^to  decide  which  should  be  vegarded 
aa  the  prime  mover,  or  to  see  when  the  train  of  ohangeSf  once  begun, 
would  terminate. 

In  the  ordinary  operations  of  nature,  it  is  in  the  atmosphore  alono  that 
we  observe  the  action  of  electricity;  and  it  is  probable  that  a  moBsnl 
never  passes  without  a  flash  of  lightning  striking  some  part  of  the  earth. 
The  electric  fluid  shatters  rocks,  and  instantaneously  meltB  aMhitancM 
whidi  are  commonly  regarded  as  infusiUf*  The  air  is  supposed  to 
derive  a  great  part  of  this  electricity  direcdy  bom  the  earth;*  and  M. 
Necker  seems  to  have  succeeded  in  establishing  that  there  in  a  fwmmwi 
between  the  direction  of  the  curves  of  equsl  magnetie  intansitjr  and  Ae 
tiriki  of  the  principal  mountain  chains.t  Some,  also,  attiibote  the  dse* 
tridty  of  the  air  to  the  evapontion  of  sea^water  by  the  son:  for  U  oan  be^ 
shown,  by  experiment,  that  the  conversion  of  salt  water  into  Tuponr  is 
accompanied  by  the  excitement  of  electricity;  and  the  juroeess  aUnded  to 
takes  place  on  so  vast  a  scale,-«-the  measure  of  the  quantity  of  *evapofa- 
tion  being  the  constant  flow  of  all  the  rivers  of  the  earth,  exclusive  of  the 
rain  which  falls  directly  into  the  ocean, — that  a  feeble  action  of  this  kind 
may  become  very  powerful  by  accumulation. 

During  volcanic  eruptions,  vivid  lightnings  are  almost  invariably  seen 
in  the  clouds  of  vapour  which  ascend  from  the  crater;  and,  as  there  are 
always  one  or  more  eruptions  going  on  in  some  part  of  the  globe,  we  are 
here  presented  with  another  perpetual  source  of  derangement.  How  far 
subterranean  electric  currents  may  possess  the  decomposing  power  of  the 
voltaic  pile  is  a  question  for  those  alone  who  are  farthest  advanced  in  the 
career  of  discovery  in  a  rapidly  progressive  science ;  but  such  a  power 
would  at  once  supply  us  with  a  never-falling  sourec  of  chemical  action, 
from  which  volcanic  heat  might  be  derived. 

TT^ory  of  an  unoxidated  metallic  nticfetM.— When  Sir  H.  Davy  first 
discovered  the  metallic  bases  of  the  earths  and  alkalies,  he  threw  out  the 
idea  that  those  metals  might  abound  in  an  unoxidized  state  in  the  subter- 


•  Faraday,  Phil.  Trans.,  1832,  p.  177. 
t  Biblioth.  Univera.,  torn.  zUii.  p.  166. 
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Tanean  Tegions  to  which  water  must  occasionally  penetrate.  Whenever 
this  happened,  gaseous  matter  would  be  set  free,  the  metals  would  co8i- 
bine  with  the  oxygen  of  the  water,  and  sufficient  heat  might  be  evolved 
to  melt  the  surrounding  rocks.  This  hypothesis  was  at  first  very  favour- 
ably received  both  by  the  chemist  and  the  geologist ;  for  silica,  alumina, 
lime,  soda,  and  oxide  of  iron, — substances  of  which  lavas  are  principally 
composed, — would  all  result  from  the  contact  of  the  inflammable  metals 
illoded  to  with  water.  But  whence  this  abundant  store  of  unsaturated 
metals  in  the  interior?  It  was  assumed  that,  in  the  beginning  of  things, 
the  nucleus  of  the  earth  was  mainly  composed  of  inflammable  metals,  and 
that  oxidation  went  on  with  intense  energy  at  first;  till,  at  length,  when 
a  superficial  crust  of  oxides  had  been  formed,  the  chemical  action  became 
more  and  more  languid. 

It  must  be  confessed,  that  this  assumption  was  not  less  arbitrary  than 
that  first  suggested  by  Leibnitz,  of  an  original  igneous  fluid ;  for  a  par- 
ticular mineral  condition  of  a  primitive  solid  nucleus  is,  to  say  the  least, 
as  bold  a  speculation  as  a  newly  created  mass  of  incandescent  matter.  It 
would,  perhaps,  be  more  philosophical  to  begin  by  inquiring,  whether 
any  existing  causes  may  have  the  power  of  deoxidating  the  earthy  and 
alkaline  compounds  formed  from  time  to  time  by  the  action  of  water 
upon  the  metallic  bases ;  so  that  the  previous  state  of  things  might,  under 
favourable  circumstances,  be  restored,  a  permanent  chemical  action  sus- 
tained, and  a  continual  circle  of  operation  kept  up.  It  has  been  suggested 
to  me,  by  Mr.  Dan i ell,  that  we  have,  in  hydrogen,  precisely  such  a 
deoxidating  agent  as  would  be  required.  It  is  well  known  to  chemists, 
thai  the  metallization  of  the  most  difficultly  reduced  oxides  may  be 
effected  by  hydrogen  brought  into  contract  with  them  at  a  red  heat ;  and 
it  is  more  than  probable  that  the  production  of  potassium  itself,  in  the 
eommon  gun-barrel  process,  is  due  to  the  power  of  nascent  hydrogen 
derived  from  the  water  which  the  hydrated  oxide  contains.  According 
to  the  recent  experiments,  also,  of  Faraday,  it  would  appear  that  every 
case  of  metallic  reduction  by  voltaic  agency,  from  saline  solutions,  in 
which  water  is  present,  is  due  to  tlie  secondary  action  of  hydrogen  upon 
the  oxide ;  both  of  these  being  determined  to  the  negative  pole,  and  then 
reacting  upon  one  another. 

It  has  never  been  disputed  that  intense  heat  might  be  produced  by  the 
occasional  contact  of  water  with  the  metallic  bases ;  and  it  is  quite  cer- 
tain that,  during  tlie  process  of  saturation,  vast  volumes  of  hydrogen 
must  be  evolved.  The  hydrogen,  thus  generated,  might  permeate  the 
crust  of  the  earth  in  diflerent  directions,  and  be  stored  up  for  ages  in 
fissures  and  caverns,  sometimes  in  a  liquid  form,  under  the  necessary 
pressure.  Whenever,  at  any  subsequent  period,  in  consequence  of  the 
changes  effected  by  earthquakes  in  the  shell  of  the  earth,  this  gas  hap- 
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pened  lo  come  in  conlQcl  with  inctalic  oxides  at  a  liigli  lemperature,  ihe 
reduAion  of  ihese  oxides  would  be  tlio  necessary  resiill. 

Recapilulit/ion. — In  ihc  iiext  chapter  1  shall  inquire  more  particukrlf 
inlo  the  manner  in  which  the  phenomena  of  carlliqnakes  and  volcanb 
accord  with  the  hj'polheais  of  a  continued  generation  of  heal  by  chemical 
action.  Bui,  first,  il  may  be  desirable  lo  recapitulate,  in  a  few  wotit, 
the  conclusions  already  obtained. 

Isi.  The  primary  causes  of  the  volcano  and  the  carlhquake  are,  lo» 
great  eileni,  the  same,  and  must  be  connected  with  the  passage  of  heil 
from  ihe  interior  lo  the  surface. 

2dly.  This  lieat  !ias  been  referred,  by  many,  to  a  supposed  stale  of 
ifneOH  foMioa  of  tli«  centnl  parti  of  die  phnM  whm  it  wu  fint  owMd, 
'   of  which  a  part  atill  remaini  ia  the  ioterior,  but  is  alwaya  iiiiiifn'''''»g  i> 
fatentiy. 

"  Mj,  The  eptterAidid  ftgora  of  the  earth,  addoeed  in  avpport  of  ihw 
Aeory,  does  not  of  neeMMty  imply  aa  oniMraal  aad  linuiltaBeoga  fliidi^ 
in  the  b^nRJng ;  for  mppoain^  the  origtud  figure  of  oar  planet  had  ben 
nrieity  •pbericid->-whicb,  however,  ii  *  gntuilow  aHiiaptioB,  nHMg 
m  no  etuUisbed  aotlogy— «till '^o  aMied  ^re  mnat  iieva  -beM 
Iwatrined,  if  kufficieBt  time  be  rilowed,  by  ^  grutaid  ^teratioo  of  iha  m» 
Irilbgal  form,  Mting  on  the  maMriaU  hvoeght  meeeaaively  wiAi>  iM 
aetion '  by  aqiieous  faid  igneoof  -«auer.  -< 

->'  4ibly.  Il  appeara,  fron  e^Miimcni,  that  the  beit  ia  minee  iMtMM 
progresajvely  with  their  depth;  and  if  Iheniio  of  increaae  be  eootimed 
unifarmly  fram  the  aorfaoe  lo  the  interior,  the  whfile  globe,  with  the 
exception  of  a  small  external  shell,  must  b«  fluid,  and  the  central  parta  must 
hare  a  temperature  many  times  higher  than  that  of  melted  iron. 

5thly.  But  the  theory  adopted  by  M.  Cordier  and  others*  which  main- 
tains the  actual  existence  of  inch  a  state  of  things,  seema  wholly  intsoii- 
■istent  with  the  laws  which  regulate  the  circulation  of  heat  through  fluid 
bodies.  For,  if  the  central  heat  were  aa  intense  as  is  represented,  there 
nuat  be  a  circulation  of  currents,  tending  to  eqnaliie  the  temperaure  of 
ike  resulting  fluid,  and  the  solid  crust  itself  would  be  melted. 

6thly.  Instead  of  an  original  central  heat,  we  may,  perhaps,  refer  the 
heat  of  the  interior  to  chemical  changes  constantly  .going  on  in  the  earth's 
crust;  for  the  general  effect  of  chemical  combination  is  the  evolution  <rf 
heat  and  electricity,  which,  in  their  turn,  becomes  sources  of  new  chemi- 
cal changes. 

7thly.  The  existence  of  currenls  of  electricity  in  the  shell  of  the  eulh 
ha*  been  deduced  from  the  phenomena  of  terrestrial  magnetism ;  from  the 
connexion  between  the  diurnal  variations  of  the  magnet  and  the  apparent 
motion  of  Ihe  aun  :  from  observBtiona  on  the  electro-magnetic  propcortiM 
of  metalliferous  veins;  and,  lastly,  from  atanotpheric  electricity,  whieh  is 
continually  paaeing  betweea  the  air  and  the  earth. 
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Stilly.  Soblerranean  elactrie  earrento  may  exert  a  slow  decompoBingr 
power  like  that  of  the  voltaic  pile,  and  thus  become  a  constant  source  of 
ehemical  action,  and  consequently,  of  volcanic  heat« 

9thly.  It  has  been  suggested,  that  the  metals  of  the  earths  and  alkalies 
may  exist  in  an  unoxidized  state  in  the  subterranean  regions,  and  that  the 
occasional  contact  of  water  with  these  metals  must  produce  intense  heat.. 
The  hydrogen,  evolved  during  the  process  of  saturation,  may,  on  coming 
aAer wards  in  contact  with  the  heated  metallic  oxides,  reduce  them  again 
to  metals ;  and  this  circle  of  action  may  be  one  of  the  principal  means  by 
which  internal  heat,  and  the  stability  of  the  volcanic  energy,  are  preserved. 


CHAPTER   XIX. 

CAUSES   OF   EARTHQUAKES   AND   V0LCAN08— Can/t/It/ec/. 

Heat  of  the  interior  of  the  earth — Causes  of  earthquakes — Expansive  power  of  con* 
densed  gases — How  land  may  be  permanently  elevated — Expansion  of  rocks  by 
heat  (p.  468.) — Subsidence  of  land — Volcanic  eruptions — Geysers  of  Iceland — 
Whether  decomposition  of  water  a  source  of  volcanic  heat — Almost  all  volcanos 
near  the  sea  (p.  473.) — Many  subterranean  changes  now  unseen ;  therefore  many 
geological  phenomena  obscure — Average  annual  number  of  earthquakes— Eleva- 
lory  movements  alone  not  opposed  to  the  levelling  force  of  running  water — The 
■inking  in  of  the  earth's  crust  must  exceed  the  forcing  out  of  the  same  by  earth- 
quakes (p.  476.) — Whether  earthquakes  have  diminished  in  energy — Conservative 
influence  of  volcanic  action. 

When  we  reflect  that  the  largest  mountains  are  hat  insignificant  protu- 
berances upon  the  surface  of  the  earth,  and  that  these  mountains  are 
nevertheless  composed  of  different  parts  which  have  been  formed  in  sue-* 
cession,  we  may  well  feel  surprise  that  the  central  fluidity  of  the  planet 
should  have  been  called  in  to  account  for  volcanic  phenomena.  To  sup- 
pose the  entire  globe  to  be  in  a  state  of  igneous  fusion,  with  the  excep- 
tion of  a  solid  shell,  not  more  than  from  thirty  to  one  hundred  miles  thick, 
and  to  imagine  that  the  central  heat  of  this  fluid  splieroid  exceeds  by  more 
thap  two  hundred  times  that  of  liquid  lava,  is  to  introduce  a  force  alto- 
gether disproportionate  to  the  effects  which  it  is  required  to  explain. 

The  ordinary  repose  of  the  surface  implies,  on  the  contrary,  an  inert- 
ness in  the  internal  mass  which  is  truly  wonderful.  When  we  consider 
the  combustible  nature  of  the  elements  of  the  earth,  so  far  as  they  are 
known  to  us, — the  facility  with  which  their  compounds  may  be  decom- 


# 


»  v*" 


pottd,  uid  niade  to  entmr  into  nirieortiBitiiirt%  iln  |irtili|  rf  tin 
wJiMi  dMj  efolva  during  Ihtte  preowMli  vImh  m  noeMitt  thiaipi 
■We  power  of  stMm,  and  tliat  viinr  itaelf  k  eooipond  l>f  ^mmfma^^^HUk 

fK  bjr  their  union,  prodnde  intenao  beeli  whin  w^^eail  to aiindl tile  jhMIii 
of  ei^loeiie  ud  detonatinf  oonqpomida  wharii  lum  tian  obaadf  idiMiP 
eiod,  wo  may  be  allowed  to  ahatejUw  aalottUunenlof  Wmf^^tatLmiiaifB 
dqr  ehooM  paaa  without  m  goMral  eonSiipataen^^^  boiriit  fapiMM 

■Ijyiaaia  rnkkcvk^  vXLwm  4bmM»m  qoo  non  emeia  oonflifiawii&^t^^^wiV 


4 .    :*, 


J?, 


Caitn  qf  Earth, 


Hilt  Mundi,  lib.  U.  c.  107. 


r       • 


;ii.  XIX.]  CAUSES  OF  EARTHQUAKES.  465 

The  81^8  of  internal  heat  observable  on  the  surface  of  the  earth  do  not 
eeessarily  indicate  the  permanent  existence  of  subterranean  heated 
lasseSf  whether  fluid  or  solid,  by  any  means  so  vast  as  our  continents 
id  seas;  yet  how  insignificant  would  these  appear  if  distributed  through 
1  external  shell  of  the  globe  one  or  two  hundred  miles  in  depth !     The 
rincipal  facts  in  proof  of  the  accumulation  of  heat  below  the  surface  may 
t  eummed  up  in  a  few  words.     Several  volcanos  are  constantly  in  erup- 
Dn,  as  Stromboli  and  Nicaragua;  others  are  known  to  have  been  active 
•r  periods  of  60  or  even  150  years,  as  those  of  Sangay  in  Quito,  Popo- 
itepetl  in  Mexico,  and  the  volcano  of  the  Isle  of  Bourbon.     Many  craters 
nit  hot  vapours  in  the  intervals  between  eruptions,  and  solfataras  evolve 
cessantly  the  same  gases  as  volcanos.     Steam  of  high  temperature  has 
intinued  for  more  than  twenty  centuries  to  issue  from  the  **  stufas,"  as 
le  Italians  call  them,— thermal  springs  abound  not  only  in  regions  of 
irthquakes,  but  are  found  in  almost  all  countries,  however  distant  from 
live  vents ;  and,  lastly,  the  temperature  in  the  mines  of  various  parts  of 
e  world  is  found  to  increase  in  proportion  as  we  descend. 
It  is  probably  to  this  unceasing  discharge  of  eubterranean  heat  that  we 
re  the  general  tranquillity  of  the  globe ;  and  the  occasional  convulsions 
hich  occur  may  arise  from  the  temporary  stoppage  of  the  channels  by 
hich  heat  is  transmitted  to  the  surface ;  for  the  passage  of  caloric  from 
low  upwards  may  be  compared  to  the  descent  of  water  from  the  conti- 
^nts  to  the  sea ;  and  as  a  partial  interruption  of  the  drainage  of  a  coun- 
f  causes  a  flood,  so  any  obstruction  to  the  discharge  of  volcanic  heat 
ay  give  rise  to  an  earthquake  or  eruption. 

The  annexed  diagram  may  convey  some  idea  of  the  proportion  which 
ir  continents  and  the  ocean  bear  to  the  radius  of  the  earUi.*  If  all  the 
ad  were  about  as  high  as  the  Himalaya  mountains,  and  the  ocean  every 
here  as  deep  as  the  Pacific,  the  whole  of  both  might  be  contained  within 
ipace  expressed  by  the  thickness  of  the  line  a  6  ;  and  masses  of  nearly 
aal  volume  might  be  placed  in  the  space  marked  by  the  line  e  (f,  in  the 
terior.  Seas  of  lava,  therefore,  of  the  size  of  the  Mediterranean,  or 
en  of  the  Atlantic,  would  be  as  nothing  if  distributed  through  such  an 
Iter  shell  of  the  globe  as  is  represented  by  the  shaded  portion  of  the 
;ore  abed.  If  throughout  that  space  we  imagine  electro-chemical 
uses  to  be  continually  in  operation,  even  of  very  feeble  power,  they 
ight  give  rise  to  heat  which,  if  accumulated  at  certain  points,  might 
$lt  or  render  red-hot  entire  mountains,  or  sustain  the  temperature  of 
ifas  and  hot  springs  for  ages. 

Causes  of  earthquakes — wave  like  motion. — I  shall  now  proceed  to 
amine  the  manner  in  which  the  heat  of  the  interior  may  give  rise  to 

^  Reduced,  by  permiinon,  from  a  figure  in  plate  40,  of  Mr.  De  la  Beche't  Oeologi- 
Seetions  and  Views. 
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MrthqudtM ;  and  •h&H  then  past  o»  to  the  probaUe  eansea  oC  eniplioiii. 
On#  of  the  moat  csommon  phenooMina  altanding  aabtemnean  moTemenlit 
ia  tke  unduklorj  motion  of  the  ground.  And  thia»  aaja  MichelU  will 
acwn  Veas  azlraordiuary,  if  we  eall  to  mind  the  extreme  elaatieitj  of  Iht 
earth,  and  the  compceasibility  of  e?en  the  moat  aolid  materiala.  LBi|a 
diatrietai  he  aaggeata,  may  rest  on  fluid  la?a ;  and,  when  thia  ia  diatiirbed» 
ka  Bftoliona  may  be  propagated  through  the  ineambent  rocka.  He  aba 
adda  the  following  ingenioua  apeeulation  :— ^  Aa  a  email  quantity  of 
Tapour  almoat  inatantly  generated  at  aome  eooaiderabb  depth  beloar  tha 
anrfiiee  of  the  earth  will  produce  a  vibratory  motion*  ao  a  very  large 
quantity  (whether  it  be  generated  almoat  inatantly,  or  ia  any  email  pofCioo 
of  time)  will  paoduoe  a  wave-like  BMlion.  The  manner  in  wkieh  thif 
wmve-like  OMtion  will  be  propagated  miayv  in  aome  meaaurov  be  repreeenied 
by  the  foUoiwing  ezperimont  >-Suppoae  a  large  cloth»  or  carpet  (apnad 
upon,  a  floor),  to  be  aaiaed  at  one  edge*  and  then  auddenly  brought  dpva 
agaia  to  the  floor ;  the  air  under  it,  being  by  thia  rneana  propelled,  will 
pasa  along,  till  it  eaoapea  at  the  oppoeiie  aide,  raiaing  the  cloth  ia  a  wava 
M,  tlie  Way  aa  it  goea.  Ia  like  manner,  a  large  quantity  of  Tapour  may 
be  conceived  U>  raiae  the  earth,  in  a.  wave,  aa  it  paaaee.  domg  between  tin 
aUuta,  whiph  it  may  eaaily  aeparate  in  a  horizontal  diaaction«  there  bemg 
little  or  no  ooheaion.  between  one  atratom  and  another.  The  part  of  the 
earth,  that  ia  firat  raiaed,  being  bent  from  iui  natural  form,  will  endeaieor 
toi  leatore  itaeU  by  iu  ekaticity ;  and  the  parte  next  lo  it  being  to  have 
their  weight,  supported  by  the  vapour,  which  will  inainuate  itaelf  under 
them,  will  be  raised  in  their  turn,  till  it  either  finds  some  vent,  or  is  again 
condensed  by  the  cold  into  water,  and  by  that  means  prevented  from  pro- 
ceeding  any  farther."* 

To  this  hypothesis  of  Michell  it  has  been  objected,  with  aome  reaaoo, 
that  the  wave-like  movements  of  the  surface  of  the  land  during  earthquakes, 
though  violent,  are  on  a  very  minute  scale  ;  as  appears  from  the  account 
of  tall  trees  touching  the  ground  with  their  tops,  and  then  reauming  their 
erect  position,  the  sea-sickness  experienced  by  spectators,  and  other  phe- 
noanena,  olearly  indicating  that  the  radius  of  each  superficial  curvature  is 
very  small.  On  the  other  hand,  the  sudden  fracture,  it  ia  said,  of  aolid 
strata,  might  produce  a  vibratory  jar ;  which,  being  propagated  in  undu- 
lations tJin>ugh  a  mass  of  rock  several  thousand  feet  thick,  would  giveriae 
to  auperficial  waves,  even  though  the  subjacent  crust  of  the  globe  were 
entirely  solid,  and  not  reposing  either  on  fluid  or  gaseous  matter.t 

The  facility  with  wliich  all  the  particles  of  a  solid  mass  can  be  made 
to  vibrate,  may  be  iiiuatraied,  aaya^  Gay  Lussac,  by  many  familiar  exam- 

•  On  the  Caa»  and  Phenomena  of  Eartbquidcea^  Phil.  Taam^  vol.  li.  aeet  581 
1760. 
i  Qoarterly  Review,  No.  Ixxxvi.  p.  463. 
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pies.  If  we  apply  the  ear  to  one  end  of  a  long  wooden  beamv  and  listen 
aUentirely  when  the  other  end  is  stmck  by  a  pin's  head,  vre  hear  ihi6 
shock  distinetly ;  which  shows  that  e^ry  fibre  thfongheat  this  whole 
length  has  been  tnade  to  vibrate.  The  rattling  of  caitiages  on  the  pave* 
nent  shakes  ilie  largest  edifices ;  and  in  the  Quarries  underneath  some 
quarters  in  Paris,  it  is  found  that  the  movement  is  communicated  through 
a  eonsiderable  thickness  of  rock.* 

The  rending  and  upheaving  of  continental  masses  are  operattonii  Whibh 
are  not  difficult  to  cxplnint  when  we  are  once  convinced  that  heat,  t€  Mkfli^ 
eient  power  not  only  to  melt,  but  to  reduce  to  a  gaseoui  form  t  gteai 
firiety  of  substances,  is  accumulated  in  certain  parts  of  the  interrot.  Wtt 
see  that  elastic  fluids  are  capable  of  projecting  Solid  masMe  to  immemfere 
heights  in  the  air ;  and  the  volcano  of  Cotopaxt  has  been  ktiown  to  thtiow 
out,  to  the  distance  of  eight  or  nine  miles,  a  mass  of  rock  about  otie  hint^ 
dred  cubic  yards  in  volume.  When  we  observis  these  a^rifohn  fltiidl 
rushing  out  from  particular  vents  for  months,  or  even  years,  continuotjsl^i 
what  power  may  we  not  expect  them  to  exert  in  other  places  ^hetne  they 
happen  to  be  confined  under  an  Enormous  weight  of  rock  ? 

Liquid  gases. — The  experiments  of  Faraday  and  others  have  shOiVh, 
withta  the  last  twelve  years,  that  many  of  the  gases,  including  all  thos^ 
which  are  most  copiously  disengaged  from  volcanie  vents,  as  the  ek^Mihtey 
inlphurous,  and  muriatic  acids,  may  bfe  eotidensed  Itito  liquids  hf  presimrfe. 
At  temperatures  of  from  30°  to  60°  F.,  the  pressere  requihid  for  tfifft 
purpose  varies  from  fifteen  to  fifty  atmospheres ;  and  this  amount  of  pretatire 
we  may  regard  as  very  insignificant  in  the  operations  of  nature.  A  cofoma 
of  Vesnvian  lava  that  would  reach  fVom  the  lip  of  the  e^ater  to  the  level 
of  the  sea,  must  be  equal  to  about  three  hundred  atmosphere* ;  so  that,  at 
depths  which  may  be  termed  moderate  in  the  interior  of  the  cnr^t  of  the 
earth,  the  gases  may  be  condensed  into  liquids,  even  at  very  high  tem- 
peratures. The  method  employed  to  reduce  some  of  these  ga^tes  to  a 
Hqnid  state  Is,  to  confine  the  materials,  from  the  mutual  action  of  which 
they  are  evolved,  in  tubes  hermetically  scaled.  So  that  the  accumulated 
pressure  of  the  vapour,  as  it  rises  and  expands,  may  force  some  part  of  it 
lo  assume  the  liquid  state.  A  similar  process  rnay,  and  indeed  must, 
frequently  take  place  in  subterranean  caverns  and  fissures,  or  even  in  the 
[>ores  and  cells  of  many  rocks  ;  by  which  means,  a  much  greater  store  of 
sxpansive  power  may  be  packed  into  a  small  space  than  could  happen  if 
these  vapours  had  not  the  property  of  becoming  liquid.  For,  although 
the  gas  occupies  much  less  room  in  a  liquid  state,  yet  it  exetts  exactly  the 
lame  pressure  upon  the  sides  of  the  containing  cavity  as  if  it  remained  in 
the  form  of  vapour. 

If  a  tube,  whether  of  glass  or  other  materiab,  filled  with  condensed 

*  Attn,  de  Cb.  et  de  Ph.,  torn.  xzii.  p.  4S8. 
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gafl,  have  its  temperature  slightly  raised,  it  will  often  burst ;  for  a  slight 
increment  of  heat  causes  the  elasticity  of  the  gas  to  increase  in  a  very  high 
ratio.  We  have  only  to  suppose  certain  rocks  permeated  by  these  liquid 
gases  (as  porous  strata  are  sometimes  filled  with  water)»  tQ  have  their 
temperature  raised  some  hundred  degrees,  and  we  obtain  a  power  capable 
of  lifting  superincumbent  masses  of  almost  any  conceivable  Uiickness : 
while,  if  the  depth  at  which  the  gas  is  confined  be  great,  there  is  no  rea- 
son to  suppose  that  any  other  appearances  would  be  witnessed  by  the  in- 
habitants of  the  surface  than  vibratory  movements  and  rents,  from  which 
no  vapour  might  escape.  In  making  their  way  through  fissures  a  very 
few  miles  only  in  length,  or  in  forcing  a  passage  through  soft  yieldiog 
strata,  the  vapours  may  be  cooled  and  absorbed  by  water.  For  water  has 
a  strong  affinity  to  several  of  the  gases  ;  and  will  absorb  large  quantities, 
with  a  very  slight  increase  of  volume.  In  this  manner,  the  heat  or  the 
volume  of  springs  may  be  augmented,  and  their  mineral  properties  made 
to  vary. 

Permanent  elevation  and  subndence, — It  is  easy  to  conceive  that  the 
shattered  rocks  may  assume  an  arched  form  during  a  convulsion,  so  that 
the  country  above  may  remain  permanently  upheaved.  In  other  cases 
gas  may  drive  before  it 'masses  of  liquid  lava,  which  may  thus  be  injected 
into  newly  opened  fissures.  The  gas  having  then  obtained  more  room, 
by  the  forcing  up  of  the  incumbent  rocks,  may  remain  at  rest ;  while  the 
lava  congealing  in  the  rents,  may  afford  a  solid  foundation  for  the  newly 
raised  district. 

Experiments  have  recently  been  made  in  America,  by  Colonel  Totten, 
to  ascertain  the  ratio  according  to  which  some  of  the  stones  commonly 
used  in  architecture  expand  with  given  increments  of  heat.'*  It  was  found 
impossible,  in  a  country  where  the  annual  variation  of  temperature  was 
more  than  00°  F.,  to  make  a  coping  of  stones,  five  feet  in  length,  ia 
which  the  joints  should  fit  so  tightly  as  not  to  admit  water  between  the 
stone  and  the  cement ;  the  annual  contraction  and  expansion  of  the  stones 
causing,  at  the  junctions,  small  crevices,  the  width  of  which  varied 
with  tlie  nature  of  the  rock.  It  was  ascertained  that  fine-grained  granite 
expanded  with  i°  F.,  at  the  rate  of '000004825 ;  white  crystalline  marble 
'000005668  ;  and  red  sandstone  -000009532,  or  about  twice  as  much  as 
granite. 

Now,  according  to  this  law  of  expansion,  a  mass  of  sandstone,  a  mile 
in  thickness,  which  should  have  its  temperature  raised  200°  F.,  would 
lift  a  superimposed  layer  of  rock  to  the  height  of  ten  feet  above  its  former 
level.  But,  suppose  a  part  of  the  earth's  crust,  one  hundred  miles  in 
thickness  and  equally  expansible,  to  have  its  temperature  raised  600°  or 


*  Silliman'i  American  Journ.,  vol.  zzii.  p.  136.    The  application  or  these  xesdfti 
to  the  theory  of  earthquakes,  was  first  joggested  to  me  by  Mr.  Babbage. 
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800^,  this  might  produce  an  elevation  of  between  two  and  three  thousand 
feet.  Tiie  cooling  of  the  same  mass  might  afterwards  cause  the  overlying 
rocks  to  sink  down  again  and  resume  their  original  position.  By  such 
agency  we  might  explain  the  gradual  rise  of  Scandinavia  or  the  subsidence 
of  Greenland,  if  this  last  phenomenon  should  also  be  established  as  a  fact 
00  further  inquiry. 

It  is  also  possible  that  as  the  clay  in  Wedgwood's  pyrometer  contracts, 
by  giving  off  its  water,  and  then,  by  incipient  vitrification ;  so,  large  masses 
of  argillaceous  strata  in  the  earth's  interior  may  shrink,  when  subjected 
to  heat  and  chemical  changes,  and  allow  the  incumbent  rocks  to  subside 
gradually*  It  may  frequently  happen  that  Assures  of  great  extent  may  be 
formed  in  rocks  simply  by  the  unequal  expansion  of  a  continuous  mass, 
heated  in  one  part,  while  in  another  it  remains  at  a  comparatively  low 
temperature.  The  sudden  subsidence  of  land  may  also  be  occasioned  by 
sabterranean  caverns  giving  way,  when  gases  are  condensedt  or  when 
they  escape  through  newly-formed  crevices.  The.subtraction,  moreover, 
of  matter  from  certain  parts  of  the  interior,  by  the  flowing  of  lava,  and  of 
mineral  springs,  must,  in  the  course  of  ages,  cause  vacuities  below,  so 
tliat  the  undermined  surface  may  at  length  fall  in. 

Cka49€  of  volcanic  eruptions. — The  most  probable  causes  of  a  volcanic 
outburst  9t  the  surface  have  been  in  a  great  degree  anticipated  in  the  pret 
ceding  speculations  on  the  liquefaction  of  rocks  and  the  generation  of 
gases.  When  a  minute  hole  is  bored  in  a  tube  filled  with  gas  condensed 
into  a  liquid,  the  whole  becomes  instantly  aeriform,  or,  as  some  writers 
have  expressed  it,  *'  flashes  into  vapour,"  and  often  bursts  the  tube.  Such 
an  experiment  may  represent  the  mode  in  which  gaseous  matter  may 
rash  through  a  rent  in  the  rocks,  and  continue  to  escape  for  days  or  weeks 
through  a  small  orifice,  with  an  explosive  power  sufficient  to  reduce  every 
substance  which  opposes  its  passage  into  small  fragments,  or  even  dust. 
I^ava  maybe  propelled  upwards  at  the  same  time, and  ejected  in  the  form 
of  scoriae.  In  some  places,  where  the  fluid  lava  lies  in  9  space  inter- 
vening between  a  fissure,  communicating  with  the  surface,  and  a  cavern  in 
which  a  considerable  body  of  vapour  has  been  formed,  there  will  be  an 
efliux  of  lava,  followed  by  the  escape  of  gas.  Eruptions  often  commence 
and  close  with  the  discharge  of  vapour :  and,  when  this  is  the  case,  the 
Dext  outburst  may  be  expected  to  take  place  by  the  same  vent,  for  the 
concluding  evolution  of  elastic  fluids  will  keep  open  the  duct,  and  leave 
if  unobstructed. 

The  breaking  out  of  lava  from  the  side  or  base  of  a  lofty  cone,  rather 
than  from  the  summit,  may  be  attributed  to  the  hydrostatic  pressure  to 
which  the  flanks  of  the  mountain  are  exposed,  when  the  column  of  lava 
has  risen  to  a  great  height.  If,  before  it  has  reached  the  top,  there  should 
blippen  to  be  a  stoppage  of  tlie  main  duct,  the  upward  pressure  of  the 
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MBBodiiig  eolnnn  •(  gai  and  Uva  may  be  mfSciant  lo  bant  ■  laMnl 


Qtyur*  tfJetUmd, — Ai  rnqneons  npoiir  oonititnlei  the  moat  abnadiBl 
of  Ifae  mVrifomi  prodoaU  of  toIcsdm  in  eraption,  it  mvf  be  well  to  eo» 
eider  ettentiraly  a  cue  in  whidi  tieain  ■■  exoluiiTely  the  moving  povN 
—thai  of  tKe  Oeyun  ai  Iceland.  Theae  intermitlant  hot  epringi  oeeor 
inadiatrietaitaaled  in  the  aouth-weatera  diviaioa  of  loeland,  whetre  nearif » 
one  hundrad  of  them  are  aaid  to  btealc  oat  within  a  oirele  of  two  milea^ 
They  riae  through  a  thick  oomni  of  lara,  which  may  perlmpe  hate 
flowed  from  Hoiint  Hecia,  the  toMMit  of  that  nleano  bamg  aeen  from  the 
epot  at  the  diatamn  of  mora  thtt'lhir^  miiea.  In  ihia  diairict,  the  nab* 
ing  of  water  ia  aometimea  heud  In  diaaraa  beneath  the  aarfaee ;  for  hen, 
ae  on  Etna,  rinra  flow  in  anbtemnean  channela  ihroo^  the  poroiM  and 
eavarnona  lavaa.  It  haa  more  than  once  happened,  after  eartfaquakee,  that 
aome  of  the  boiling  fonntaina  have  increued  or  dtminiahed  in  violeibe 
and  volume,  or  entirely  ceaaed,  or  that  new  ouea  have  made  their  appear 
anee— cban'gea  which  may  be  explained  by  the  opening  of  new  rotate  and 
the  cloaing  of  pre-eziaiing  fiaaurea.  It  haa  often  been  reported  that  Iht 
powera  of  the  Geyaera  an,  upon  the  whole,  on  the  decline ;  but  tht 
deacripiion  given  by  Mr.  Barrow,  Jan.  of  the  empliona  in  1BS4,  agreaa 
very  cloaely  with  thai  of  Sir  J.  Banka,  written  more  than  eixty  Jreaii 
befuro.* 

Kg.  61. 
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■  8m  Bwraw'a  VUtt  lo  Ic»l(Dd,  ch.  *i.  1834. 

t  Reduced  rrom  ■  ikeleh  giTro  bj  W.  J.  Hooker,  H.  D.,  in  bia  l^r  ia  liehaJ. 
vol.  i.  p.  149. 
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Few  of  the  Geysers  play  longer  than  ^re  or  six  minutes  at  a  time,  and 
the  intervals  between  their  eruptions  are  for  the  most  part  very  irregular. 
The  great  Geyser  rises  out  of  a  spacious  basin  at  the  summit  of  a  circular 
mound  composed  of  siliceous  incrustations  deposited  from  the  spray  of  its 
waters.  The  diameter  of  this  basin,  in  one  direction,  is  fifty-six  feet,  and 
(brtv-six  in  another. 

.  in  the  centre  is  pt  pipe  seventy-eight  feet  in  perpendicular  depth,  and 
firom  eight  to  ten  feet  in  diameter,  but  gradually  widening,  as  it  rises  into 
the  basin.  The  inside  of  the  basin  is  whitish,  consisting  of  a  siliceous 
cmsl,  and  perfectly  smooth,  as  are  likewise  two  small  channels  on  the 
sides  of  the  mound,  down  which  the  ^fater  escapes  when  the  bowl  is 
filled  to  the  margin.  The  circular  basin  is  sometimes  empty,  as  repre- 
sented in  the  above  sketch;  but  is  usually  filled  with  beautifully  trans- 
parent water  in  a  state  of  ebullition.  During  the  rise  of  the  boiling  water 
ia#he  pipe,  especially  when  the  ebullition  is  most  violent,  and  when  the 
water  is  thrown  up  in  jets,  subterranean  noises  are  heard,  like  the  distant 
firing  of  cannon,  ^nd  tlie  earth  is  slightly  shaken.  The  sound  tlien 
increases,  and  tlie  motion  becomes  more  violent,  till  at  length  a  column  of 
water  is  throism.  up,  with  loud  explosions,  to  the  height  of  one  or  two 
hundred  feet.     After  playing  for  a  time  like  an  artificial  fountain,  and 

C'ving  off  great  clouds  of  vapour,  the  pipe  or  tube  is  emptied ;  and  a 
»lumn  of  steam  rushing  up  with  amazii^g  force  and  a  thundering  noise, 
terminates  the  eruption. 

If  stones  are  thrown  into  the  crater,  they  are  instantly  ejected ;  and 
snch  is  the  explosive  force,  that  very  hard  rocks  are  sometimes  shivered 
by  it  into  small  pieces.  Henderson  found  that  by  throwing  a  great  quan- 
tity of  large  stones  into  the  pipe  of  Strockf,  one  of  the  Geysers,  he  could 
bring  on  an*eruption  in  a  few  minutes.*  The  fragments  of  stone,  as  well 
as  the  boiling  water,  were  thrown  in  that  case  to  a  much  greater  height 
than  usual.  After  the  water  had  been  ejected,  a  column  of  steam  con- 
tinued to  rush  up  with  a  deafening  roar  for  nearly  an  hour ;  but  the  Gey- 
ser, as  if  exhausted  by  this  effort,  did  not  send  out  a  fresh  eruption  when 
its  usual  interval  of  rest  had  elapsed. 

Among  the  different  theories  proposed  to  account  for  these  phenomena, 
tiihall  first  mention  one  suggested  by  Sir  J.  Herschel.  An  imitation  of 
these  jets,  he  says,  may  be  produced  on  a  small  scale,  hy  heating  red  hot 
the  stem  of  a  tobacco  pipe,  filling  the  bowl  with  water,  and  so  inclining 
the  pipe  as  to  let  the  water  run  through  the  stem.  Its  escape,  instead  of 
taking  place  in  a  continued  stream,  is  then  performed  by  a  succession  of 
violent  explosions,  at  first  of  steam  alone,  thon  of  water  mixed  with  steam  ; 
and,  as  the  pipe  cools,  almost  wholly  of  water.  At  every  such  paroxys- 
mal escape  of  the  water  a  portion  is  driven  back,  accompanied  with  steam* 

*  Joomal  of  a  Reaidence  ia  loeland,  p.  74* 
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ialo  th«  boiri.  Ths  inUmla  betwMD  the  flzpLtMiont  depend  on  the  heat, 
length,  and  inclination  of  the  pipe ;  their  conlinaance,  on  iu  thieknev 
and  conduaiing  power.*  The  application  of  tbia  experiment  to  the  Otj- 
tan  merely  requirei  that  a  anbterranean  stream,  flowing  Uirough  the 
porea  end  crpviept  of  lani  thonld  luddenlj  reach  a  fieaura,  in  whieh  the 
rock  ii  red  hot,  or  nearly  ao.  Steam  would  immediately  ba  fonnedi 
whieh,  niahing  np  the  fisaure,  might  foroe  up  water  along  with  it  to  the  ^ 
anrface,  while,  at  the  aapie  time,  pert  of  the  ateam  might  drive  bnek  Aa 
water  of  the  aupply  for  a  certain  distance  towards  its  source.  And  when. 
sAer  the  apace  of  some  mingles,  iha  steam  wae  all  condensed,  the  water 
would  retgm,  and  a  repetition  ofUe  phenomena  take  place. 

There  is,  however,  another  mode  of  explaining  the  action  of  the  Gey- 
ser, periiaps  more  probable  than  that  above  described.  Snppoae  wtHr 
percolating  from  the  atirface  nf  the  earth  to  penetrate  into  the  aabtemnau 
cavity  AD  by  the  fiaanrea  FF,  while,  at  the  ssme  lime,  stesm,  ai^ 
extremely  high  temperature,  auch  as  is  eommonly  given  out  from  Ihe 
T^ls  of  lava  currents  during  congelation, 'enianates  from  the  fiaanxw C 

«E 

Fig.  G2.        '.^M 


Suppt^fd  rlkmnr  oiul  jnpt  of  a  Oa/ter  la  lettand.  t 
A  portion  of  Ihe  stre%pi  is  at  first  condensed  into  naler,  while  the  temp» 
rature  of  the  water  la  raised  by  the  latent  heat  thus  evolved,  till,  at  last, 
the  lower  part  of  the  cavity  is  filled  with  boiling  water  end  the  upper 
with  ateam  under  high  pressure.  The  eipansive  force  of  the  ateam 
becomes,  It  length,  so  great,  that  ihe  water  is  forced  up  die  fiaanre  or 
pipe  £D,ud  runs  over  the  rim  of  the  baaia.     When  the  pressure  is  tfaos 

■  MS.  nuA  to  Gaol.  Soc.  of  LoDdoD,  Feb.  2B,  163)1. 
I  Fion  Bir  George  Maetenaie's  loeland. 


oil.  XIX.]  CAU8S9  OF  VQXXMJiQS.  479 

dimiDished,  the  steam  in  the  upper  part  of  the  cavity  A  expands,  until  aU 
the  water  D  is  driven  into  the  pipe  :  and  when  this  happens,  Uie  steanit 
being  the  lighter  of  the  two  fluids,  rushes  up  through  the  w^ter  withi 
gveat  velocity.  If  the  pipe  be  choked  up  artificially,  even  for  a  few 
minutes,  a  great  increase  of  heat  must  take  place ;  for  it  is  preyented; 
from  escaping  in  a  latent  form  in  steam ;  so  that  the  water  is  made  tp 
hell  moie  violently,  and  this  brings  on  an  eruption* 

If  we  suppose  that  large  subterranean  cavities  exist  at  the  deptb  of 
some  miles  below  the  surface  of  the  earth,  in  which  melled  lava  accumu* 
lalMy  and  that  water  penetrates  into  these,  the  steam  thus  generated  may 
press  upon  lava  and  force  it  up  the  duct  of  a  volcano,  in  the  same  mai^ 
ner  as  a  cdiumn  of  water  is  driven  up  the  pipe  of  a  Geyser, 

Jigmey  rfunUer  in  vofeono^.— No  theory  seems  at  first  more  improbi^ 
bta^nin  that  which  represents  water  as  affording  an  inexhaustible  sujv- 
pf^of  foel  to  the  volcanio  fires ;  yet,  if  subterraneous  heat  be  derived, 
from  chemical  action,  as  before  hinted,  and  if  electric  currents  in  tbi 
cM|L  of  the  earth  may  exert  a  slow  decomposing  power,  the  hypotboiis 
is  flHBpm  visionary. 

^Hit  fact  that  must  never  be  overlooked,  when  we  are  speculating  oa 
the  probable  causes  of  volcanos,  that,  while  a  great  number  are  entirely 
•nbmarine,  the  remainder  are  for  the  most  part  in  islands  or  maritimd 
tracts.  There  are  a  few  exceptions,  but  soide  of  these,  as  Dr.  Daubeny 
oleerves,  are  near  inland  salt  lakes,  as  in  Central  Tartary ;  while  others 
form  part  of  a  train  of  volcanos,  the  extremities  of  which  are  near  the  sea. 
Thus  Jorulio,  in  Mexico,  though  itself  not  less  than  forty  leagues^  from 
the  nearest  ocean,  appears  to  be  connected  with  the  volcano  of  TuxtliFon 
the  one  hand,  and  that  of  Colima  on  the  other ;  the  first  bordering  on  the 
Atlantic,  the  latter  on  the  Pacific  Ocean.  This  communication  is  ren* 
dered  more  probable  by  the  parallelism  that  exists  between  these  and 
several  intermediate  volcanic  hills.* 

Sir  IL  Davy  supposes  that,  when  the  sea  ia  distant,  as  in  the  case  of 
some  of  the  South  American  volcanos,  they  may  still  be  supplied  with 
water  from  subterranean  lakes;  since,  according  to  Humboldt,  large 
quantities  offish  are  often  thrown  out  during  eruptions.! 

It  has  been  already  stated,  that  the  gases  exhaled  from  volcanos, 
together  with  steam,  are  such  as  would  result  from  the  decomposition  of 
salt  water,  and  the  fumes  which  escape  fcom  the  Vesuvian  lava  have  beeq 
observed  to  deposit  common  salt.^  The  emission  of  free  muriatic  acid 
gas  in  great  quantities  favours  the  theory  of  the  decomposion  of  the  saH 
contained  in  sea  water ;  but  M.  Boussinganlt  did  not  meet  with^tliis  gis 


*  Bee  Daabeny*!  remarki— <<  Vbteaaos,"  m.  369. 
f  PhU.  Tram.,  1828,  p.  260:      ^    '  ' 
t  Davy,  nkit.TMuSi.,  18B8,  p.  944. 
Vol.  I 8  K 
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ip  hit  late  •xftmination  of  the  ehitie  floidt  etolTad  ftoB  Urn  voIcmmw  of 
eqaatorial  Ameriou  •  Ha  informs  us,  that  the  same  are  given  ttui  by  all 
the  different  vents;  namely,  aqneoos  vaponr,  in  very  large  qoantltyt  eei^ 
bonie  acid  gas,  sulphurous  acid  gas,  and  sometimes  fumes  of  ■u1phor> 
The  same  naturalist  found  by  analysis,  that  all  the  thermal  waters  of  the 
Cordilleras  were  charged  with  sulphurated  hydmgen  gas.* 

M.  Gay  Lussac,  while  he  avows  his  opinion  that  the  deeonpoaition  of 
water  contributes  largely  to  volcanic  action,  calls  attention,  nevertheless, 
^to  the  fact,  that  hydrogen  ftas  not  been  detected  in  a  separate  form  among 
the  gaseons  prodocte  of  volcanosi  nor  can  it,  he  says,  be  present;  ibe,  in 
thai  ease,  it  would  be  inflamed  in  the  air  by  the  red«hot  stones  thrown 
onl  during  an  eruption.  Dr.  Davy,  also,  in  his  account  of  Oraham 
Uand,  says,  **I  watehed  when  the  lightning  was  moat  vivid,  and  the 
emption  of  the  greatest  degree  of  violence,  to  see  if  thers  was  any  in|^ 
nation  occasioned  by  this  natural  electric  spark*— any  indteatioD  olwU 
presence  of  inflammable  gas  ;  but  in  vain.'*t 

May  not  the  hydrogen,  Oay  Lussac  inquires,  be  oombined  widij 
rine,  and  produce  muriatic  acid?  for  this  gas  has  been  o1 
evolved  from  Vesuvius— and  the  chlorine  may  have  been  derii 
sea  salt;  which  was,  in  fact,  extracted  by  simple  washing  fn»  the 
Yeaovian  lava  of  1839,  in  the  proportion  of  nine  per  eent|-  Bnt  it  was 
answered,  that  Sir  H.  Davy's  ezperimente  had  shownf  that  hydrogen  is 
not  eombustible  when  mixed  with  muriatic  aeid  gas ;  so  that  if  mnriatie 
gas  was  evolved  in  large  quantities,  the  hydrogen  might  be  present  with* 
oat  inflammatibn.f 

H.  Oay  Lussac,  in  the  memoir  jnat  alloded  to,  tzprsaees  dbobt  as  to 
the  presence  of  sulphurous  acid ;  but  the  abundant  disengagement  of 
this  gas  during  eniptioiis  is  now  ascertained :  and  thus  all  diflicnlty  in 
regard  to  the  absence  of  hydrogen  in  an  inflammable  state  ia  removed. 
For,  as  Dr.  Daubeny  supposes,  the  hydrogen  of  decomposed  water  may 
unite  wiih  sulphur  to  form  sulphuretted  hydrogen  gas,  and  thia  gas  will 
then  be  mingled  with  the  sulphurous  acid  as  it  rises  to  the  crater.  It  is 
shown  by  experiment,  that  tliese  gases  mutually  decompose  each  other 
when  mixed  where  steam  is  present ;  part  of  the  hydrogen  of  the  one 
immediately  uniting  with  the  oxygen  of  the  other,  to  form  water,  while 
the  excess  of  sulphurous  acid  alone  escapes  into  the  atmosphere.  Sul- 
phur is  at  the  same  time  precipitated. 

This  explanation  is  suflicient ;  but  it  may  be  asked,  whether  the  flame 
of  hydrogen  would  be  visible  during  an  eruption ;  as  that  gas»  when 
inflamed  in  a  pure  state,  bums  with  a  very  faint  blue  flame,  which  erea 


•  Ann.  de  Chim.  et  de  Phji.,  torn.  lu.  p.  181.  t  Phil.  Ttaas.,  1832,  p.  MO. 

t  Ann.  de  Chim.  et  de  Phji.  torn.  xxii. 

§  Quart  Joum.  of  Science,  1883,  p.  13S,  note  l^  editor. 
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in  the  night  could  hardly  be  perceptible  by  the  side  of  red-hot  and  incan- 
descent cinders*     Its  immediate  conversion  into  water  when  inflamed  in 
the  atmosphere,  might  also  account  for  its  not  appearing  in  a  separate 
#  form. 

When  treating  of  springs  and  overflowing  wells,  I  have  stated  that 
porous  rocks  are  percolated  by  fresh  water  to  great  depths,  and  that  sea- 
water  probably  penetrates  in  the  same  manner  through  the  rocks  which 
form  the  bed  of  the  ocean.  But,  besides  this  universal  circulation  in 
regions  not  far  from  the  surface,  it  must  be  supposed  that,  wherever  earth- 
quakes prevail,  much  larger  bodies  of  water  will  be  forced  up  by  the 
pressure  of  the  ocean  into  fissures  at  greater  depths,  or  swallowed  up  in 
chasms ;  in  the  same  manner  as,  on  the  land,  towns,  houses,  catUe,  an4 
trees  are  sometimes  engulfed.  It  will  be  remembered,  that  these  chasms 
oben  close  again  after  houses  have  fallen  into  them ;  and,  for  the  same 
mson,  when  water  has  penetrated  to  a  mass  of  melted  lava,  the  steam 
into  which  it  is  converted  may  often  rush  out  at  a  diflerent  aperture  froo^ 
that  by  which  the  water  entered.  The  frequent  explosions  caused  by 
thr  feneration  of  steam  in  the  neighbourhood  of  the  sea  or  of  deep  lakesg 
may  shatter  the  solid  crust  of  the  earth,  and  allow  the  free  escape  of  gases 
and  lava  which,  but  for  this  cause,  might  never  have  reached  the  surfaoet 
and  might  only  have  given  rise  to  earthquakes. 

Dr.  Daubeny  has  suggested  that  water  eontaining  atmospheric  air  may 
deseend  from  the  surface  of  the  earth  to  the  volcanic  foci,  and  that  the 
aame  process  of  combustion  by  which  water  is  decomposed  may  deprive 
aoch  subterranean  air  of  its  oxygen.  In  this  manner  we  might  explain 
Ihe  great  quantities  of  nitrogen  evolved  from  volcanic  vents,  and  ther- 
nal  waters,  and  the  fact  that  air  disengaged  from  the  earth  in  volcanic 
regions  is  either  wholly  or  in  part  deprived  of  its  oxygen. 

Sir  H.  Davy,  in  his  memoir  on  the  **  Phenomena  of  Volcanos,'* 
femarks,  that  there  was  every  reason  to  suppose  in  Vesuvius  the  exist* 
ence  of  a  descending  current  of  air  (  and  he  imagined  that  subterranean 
cavities  which  threw  out  large  volumes  of  steam  during  the  eruption, 
might  afterwards,  in  the  quiet  state  of  the  volcano,  become  filled  with 
atmospheric  air.*  The  presence  of  ammoniacal  salts  in  volcanic  emana- 
iions^  and  of  ammonia  in  lava,  favours  greatly,  says  Dr.  Daubeny,  the 
notion  of  air  as  well  as  water  being  deoxidated  in  the  interior  of  the 
•earth  .t 

Such  phenomena  admit  of  a  ready  explanation  on  the  principles  of  the 
chemical  theory  of  volcanos,  considered  in  the  last  chapter ;  but  are  left 
unexplained  by  the  hypothesis  of  the  gradual  contraction  of  an  external 
crust  upon  a  fluid  nucleus* 

•  PhU.  Trani.  1828. 

t  AmmoDia  ii  compoted  of  hydrogen  tad  nitrogen :  or  the  elemeatsof  air  withont 
its  oxygen.    See  Danbeny^  Enoyc.  Ifetrop.,  Vui40. 
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ImpMmee  if  MenJSng  to  fih%  trntfcn  vckadt  fhmMma^lxi  eon- 
mbAiil;  Ihiefis  remarks  on  the  emsei  of  Toleaooe  and  earth^iiakee,  Imkf 
bIttenriB,  thai  apeieohtlonB  and  oonjeetnM  on  thia  obeenre  anbjeet  ehoidl 
be  encouraged ;  becanae  a  great  step  is  gained*  if  geologiata  are  renJeid* 
toiore  eoiiaeioQa  of  the  changes  in  the  earth's  emst  how  going  on  Mt  ^ 
sijjfAly  and  nnder  circnmstahces  widely  dilBerent  froin  any  which  can  eiW^ 
cbine  within  the  sphere  of  human  obsernition.  In  estiniating  iIm  eftek 
bf  existing  causes,  wIb  are  too  ipt  to  cbiifine  our  views  to  opetatiotta  edisii 
as  we  actuaDy  see  in  prugtess  bpcm  the  habitable  surface,  regardless  df 
ttose  which  mnst  be  going  on  at  vftiious  depths  below.  Bui  when  are 
examine  the  geological  structure  of  die  earth,  we  behold  the  resiflls  of 
ibriner  'processes  both  subterranean  and  superficial ;  and  recdgniee  ift 
once  the  exact  agreement  of  muiy  of  the  superficial  daas  with  the 
eAicts  of  known  causes.  To  what  agency,  then,  ought  wo  to  rate  Jis 
i^enomena  which  still  remain  unexplained  t  Surely  not  to  imagiMry 
finreei,  which  may  by  possibility  harto  prevailed  in  the  infaney  of  lbs 
planet;  but  radier  to  the  unseen  portion  of  that  machinery  whidi  ia  alii 
at  w6ik»  Let  it  be  supposed  that  a  peraon  has  made  audi  piograsn  in  a 
fiMeigh  language— German,  for  exampl»»— thati  in  peraaiaf  tfao  wona  ef 
U Vihg  anthora,  he  understands  the  meaning  of  about  two4hirda  of  what  hi 
reads.  If,  on  taking  up  a  book  written  two  or  three  eenturiee  igo,  Jm 
finds  that  he  is  able  to  interpret  alKmt  as  much  of  that  also,  he  flight 
naturally  conchside  that  the  language  Jiad  remained  the  aame,  or  neariy  Ike 
same,  during  the  intervening  time.  Would  he  have  any  doubt  respecting 
this  identity,  from  being  unable  to  comprehend  ^  that  is  written  in  the 
older  volume  ?  or  would  he  not,  on  the  contrary,  think  it  unreasonable, 
while  he  remains  ignorant  of  a  great  part  of  the  living  language,  to  expect 
to  interpret  every  thiug  in  the  aucient  book  ? 

Tht  btJance  of  dry  landf  how  preserved, — ^In  the  present  state  of  our 
knowledge,  we  cannot  pretend  to  estimate  the  average  number  of  earth- 
quakes which  may  happen  in  the  course  of  a  single  year.  As  the  arsa 
of  the  ocean  is  neariy  three  times  that  of  the  land,  it  is  probable  that  aboat 
three  submarine  earthquakes  may  occur  for  one  exclusively  continental : 
and  when  we  consider  the  great  frequency  of  slight  movements  in  certsin 
districts,  we  can  hardly  suppose  that  a  day  ever  passes  without  one  or 
more  shocks  being  experienced  in  some  part  of  the  globe.  We  have  also 
seen  that  in  Sweden  and  other  countries,  changes  in  the  relative  levd  ef 
aea  and  land  may  take  place  without  commotion^  and  theae  perhaps  pro- 
duce the  most  important  geographical  and  geological  changes ;  for  ths 
position  of  land  may  be  altered  to  a  greater  amount  by  an  elevation  or 
depression  of  one  inch  over  a  vast  area,  than  by  the  sinking  of  a  more 
limited  tract,  such  as  the  forest  of  Aripao,  to  the  depth  of  many  fathoms 
at  once.* 


•  '     .-  ..- 
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It  ttidft  be  eYident  froU  the  historic&l  detiiilt  above  ^ven,  that  the  fbrce 
of  sabtem'nfean  movementy  whether  iateTtnittent  or  cdntinuod*,  whether 
witfi  or  without  diatatba'nce,  does  not  opera^  at  laTidom,  but  is  developed 
In  ccfrtain  regions  only ;  and  although  the  alteratioms  produced  during  thiB 
Cine  reqtiited  fbr  (he  occurrence  of  a  few  volcanic  eruptiona  may  be  in- 
considerable, we  can  hardly  doubt  that  during  the  ages  ne<ie8«ary  for  the 
formation  of  large  viileanic  cones,  composed  of  thousiands  of  lava  currents, 
shoals  might  be  eohverted  into  l6fiy  mountains,  and  low  lands  into  deep 
aeas. 

In  a  fbriner  chapter,  I  have  stated  that  aqnebus  and  igneous  agents  may 
be  regarded  ^s  antagonist  forces  ;  the  aqueous  labouring  incessantly  t6 
reduce  the  inequalities  of  the  earth*s  surface  to  a  level,  while  the  igneous 
are  eiiually  active  in  renewing  the  unevenness  of  the  surface.*  by  some 
geologists  it  has  been  thought  that  the  levelling  power  of  running  water 
wis  opposed  rather  to  the  eltvating  force  of  earthquakes  than  to  their 
action  generally.  This  opinion  is,  however,  untenable ;  for  the  sinking 
down  (if  the  bed  of  the  ocean  is  one  of  the  means  by  which  the  gradual  sub- 
liienpion  of  land  is  prevented.  The  depth  of  the  sea  cannot  be  increased  at 
taj  one  point  without  a  universal  fall  of  the  waters,  nor  can  any  partial 
depoeitlon  of  sediment  occur  without  the  displacement  of  a  quantity  of 
Mter  of  equal  volume,  which  will  raise  the  sea,  though  in  an  impercepti- 
ble degree,  even  to  the  antipodes.  The  preservation,  therefore,  of  the  dry 
Kind  msiy  sometimes  be  effected  by  the  subsidence  of  part  of  the  earth's 
emst  (that  part,  namely,  which  is  covered  by  the  ocean),  and  in  like  manner, 
ah  npheiaving  movement  must  tend  often  to  destroy  landr  for  if  it  render 
die  bed  of  the  sea  more  shallow,  it  will  displace  a  certain  quantity  of 
waier,  ahd  thus  tend  to  submerge  low  tracts. 

Astronomers  having  proved  that  there  has  been  no  change  in  the  diame- 
ter of  the  earth  during  the  last  two  thbusahd  years,  we  may  assume  it  as 
probable,  that  the  dimensions  of  the  planet  remait)  uniform.t  Iff  then, 
we  ini}uite  in  what  inanner  the  forc^  of  earthquakes  must  be  regohtedr  ill 
order  to  restore  perpetually  the  inequalities  of  the  surface  which  the  level- 
ing power  of  water  tends  to  efface,  it  will  be  found  that  the  amount  of 
depression  must  exceed  that  of  elevation.  It  would  be  otherwise  if  the 
action  of  volcanos  and  mineral  springs  were  suspended ;  for  then  the 
forcing  outwards  of  the  earth's  envelope  ought  to  be  no  more  than  equal 
to  its  sinking  in. 

To  understand  this  proposition  inore  clearly,  it  must  be  borne  in  mindi 
that  the  deposits  of  rivers  and  currents  probably  add  as  much  to  the  height 
of  lands  which  are  rising,  as  they  take  from  those  which  have  risen. 
Suppose  a  large  river  to  bring  down  sediment  to  a  part  of  the  ocean  two 
thousand  feet  deep,  and  that  the  depth  of  tliis  part  is  gradually  reduced  by 
the  accumulation  of  sediment  till  only  a  shoal  remains,  covered  by  water 

•  Book  u.  chap.  i.  t  Ante,  p.  145. 
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at  high  tides  ;  if  now  an  upheaving  force  f  honld  uplift  thif  shoal  to  the 
height  of  2000  feet,  the  result  would  be  a  mountain  2000  feet  high.  But 
had  the  movement  raised  the  same  part  of  the  bottom  of  the  sea  before 
the  sediment  of  the  river  had  filled  it  up,  then,  instead  of  changing  a 
shoal  into  a  mountain  2000  feet  high,  it  would  only  have  converted  a  deep 
sea  into  a  shoal. 

It  appears,  then,  that  the  operations  of  the  earthquake  are  often  each  ss 
to  cause  the  levelling  power  of  water  to  counteract  itself;  and  although 
the  idea  may  appear  paradoxical,  we  may  be  sure,  wherever  we  find  hills 
and  mountains  composed  of  stratified  deposits,  that  such  inequalities  of 
the  surface  would  have  had  no  existence  if  water,  at  some  former  period, 
had  not  been  labouring  to  reduce  the  earth's  surface  to  one  level. 

But,  besides  the  transfer  of  matter  by  running  water  from  the  conti- 
nents to  the  ocean,  there  is  a  constant  transportation  from  below  upwards, 
by  mineral  springs  and  volcanic  vents.  As  mountain  masses  are«  in  the 
course  of  ages,  created  by  the  pouring  forth  of  successive  streams  of  lava, 
so  stratified  rocks,  of  great  extent,  originate  from  the  deposition  of  carbo- 
nate of  lime,  and  other  mineral  ingredients,  with  which  springs  are  im- 
pregnated. The  surface  of  the  land,  and  portions  of  the  hottom  of  the 
sea,  being  thus  raised,  t!\e  external  accessions  due  to  these  operations 
would  cause  the  dimensions  of  the  planet  to  enlarge  continually,  if  the 
amount  of  depression  of  the  earth's  crust  were  no  more  than  equal  to  the 
elevation.  In  order,  therefore,  that  the  mean  diameter  of  the  earth  should 
remain  uniform,  and  the  unevenness  of  the  surface  he  preserved,  it  is 
necessary  that  the  amount  of  subsidence  should  be  in  excess.  And  such 
a  predominance  of  depression  is  far  from  improbable,  on  mechanical 
principles,  since  every  upheaving  movement  must  be  expected  either  to 
produce  caverns  in  the  mass  below,  or  to  cause  some  diminution  of  its 
density.  Vacuities  must,  also,  arise  from  the  subtraction  of  the  matter 
poured  out  from  volcanos  and  mineral  springs ;  and  the  foundations  having 
been  thus  weakened,  the  earth's  crust,  shaken  and  rent  by  reiterated  con- 
vulsions, must,  in  the  course  of  time,  fall  in. 

If  we  embrace  these  views,  important  geological  consequences  will 
follow ;  since,  if  there  be,  upon  the  whole,  more  subsidence  than  eleva- 
tion, the  average  depth  to  which  former  surfaces  have  sunk  beneath  their 
original  level  must  exceed  the  height  which  ancient  marine  strata  have 
attained  above  the  sea.  If,  for  example,  marine  strata,  about  the  age  of 
our  chalk  and  green-sand,  have  been  lifted  up  in  Europe  to  an  extreme 
height  of  more  than  eleven  thousand  feet,  and  a  mean  elevation  of  some 
hundreds,  we  may  conclude  that  certain  parts  of  the  surface,  which  ex- 
isted when  those  strata  were  deposited,  have  sunk  to  an  extreme  depth  of 
more  than  eleven  thousand  feet  below  their  original  level,  and  to  a  mean 
depth  of  more  iJum  a  few  hundreds. 
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In  regard  to  faults,  also,  we  must  infer,  according  to  the  hypothesis 
BOW  composed,  that  a  greater  number  have  arisen  from  the  sinking  down 
than  from  the  elevation  of  rocks. 

Mr.  Conybeare,  and  some  other  writers,  have  contended,  that  the  up* 
heaving  force  of  earthquakes  was  more  energetic  during  remote  geological 
epochs,  and  that  it  has  since  been  gradually  on  the  decline  ;*  while  M. 
Elie  de  Beaumont,  on  the  contrary,  maintains,  that  the  most  tremendous 
of  known  convulsions  belong  to  times  comparatively  modem.t  But  in 
order  to  compare  the  relative  amount  of  change  produced,  at  different 
periods,  by  any  given  cause,  we  must  obtain  some  standard  for  the 
measurement  of  time  at  both  the  periods  compared. 

I  have  shown  that,  during  the  last  two  thousand  years,  considerable 
tracts  of  land  have  been  upheaved  above,  or  depressed  below  their  former 
level4  Now,  they  who  contend  that  a  greater  or  less  amount  of  change 
was  formerly  accomplished  in  an  equal  number  of  years,  must  first 
explain  the  mode  in  which  they  measure  the  time  referred  to ;  for  they 
eannot,  in  geology,  avail  themselves  of  the  annual  revolutions  of  our 
planed  in  its  orbit.  If  they  assume  that  the  power  of  volcanos  to  emit 
lava,  and  of  running  water  to  transport  sediment  from  one  part  of  the 
globe  to  the  other,  has  remained  uniform  from  the  earliest  periods,  they 
may  then  attempt  to  compare  the  effects  of  subterranean  movements  in 
ancient  and  modern  times  by  reference  to  one  common  standard ;  and  to 
show  that,  during  the  time  required  for  the  production  of  a  certain  number 
of  lava  currents,  or  of  so  many  cubic  yards  of  sediment,  the  elevation  and 
depression  of  the  earth's  crust  were  once  much  greater  than  they  are 
now.  Or,  if  they  premise  that  the  progressive  rate  of  change  of  species 
in  the  animal  and  vegetable  kingdoms  had  been  always  uniform,  they 
may  then  endeavour  to  prove  the  diminished  energy  of  earthquakes,  by 
showing  that,  in  relation  to  the  periods  connected  with  the  changes  of 
organic  species,  earthquakes  had  become  comparatively  feeble. 

But  those  who  contend  for  the  reduced  activity  of  natural  agents,  have 
not  attempted  to  support  this  line  of  argument;  nor  does  our  scanty 
acquaintance,  both  with  the  animate  and  inanimate  world,  warrant  such 
generalizations.  That  it  would  be  most  premature,  in  the  present  state 
of  natural  history,  to  reason  on  the  comparative  rate  of  fluctuation  in  the 
species  of  organic  beings  in  ancient  and  modem  times,  or  at  any  two 
geological  periods,  will  be  more  fully  demonstrated,  when  I  come,  in  the 
next  book,  to  consider  the  intimate  connexion  between  geology  and  the 
study  of  the  present  condition  of  the  animal  and  vegetable  kingdoms. 


•  PhU.  Mag.,  No.  48.  Dec.  1830,  p.  409. 

t  Ann.  det  Sci.  Nat,  1829.— PhU.  Mag.,  No.  68.  Oet  1831. 

t  See  Chapters  vi.  vii.  viii.  and  iz. 


To  concludp :  it  teems  to  be  rendered  probable,  b;  the  views  abo^ 
explained,  that  the  constant  repair  of  the  land,  and  the  sobsenriency 
our  planet  to  the  support  of  terrestrial  as  well  as  aquatic  species,  a 
secured  by  the  elevating  and  depressing  power  of  causes  acting  in  ll 
interior  of  the  earth ;  which,  although  so  oAen  the  source  of  death  ai 
terror  to  the  inhabitants  of  the  globe— Tisiting,  in  succession,  CTery  zon 
and  filling  the  earth  with  monuments  of  ruin  and  disorder — are,  neverth 
less,  the  agents  of  a  conservative  principle  above  all  others  essential 
the  stability  of  the  system. 


BOOK  III. 


CHAPTER    I. 


CHANGES  OF  THB  ORGANIC  WORLD  NOW  IN  PROGRESS. 

DiFinon  of  the  lubject— Examination  of  the  queetion,  Whether  fpeciefl  have  a  real 
ezietence  in  nature? — Importance  of  this  question  in  geology — Sketch  of  Lamarck*! 
arguments  in  favour  of  the  transmutation  of  species,  and  its  conjectures  respecting 
the  origin  of  existing  animals  and  plants  (p.  4S3.) — His  theory  of  the  transformtf 
tion  of  the  orang  outang  into  the  human  species. 

The  last  book  was  occupied  with  the  consideration  of  the  changes 
brouglit  about  on  the  earth's  surface,  within  the  period  of  human  obser- 
vation, by  inorganic  agents ;  such,  for  example,  as  rivers,  marine  currents, 
volcanos,  and  earthquakes.  But  there  is  another  class  of  phenomena 
relating  to  the  organic  world,  which  have  an  equal  claim  on  our  attention, 
if  we  desire  to  obtain  possession  of  all  the  preparatory  knowledge  respect- 
ing the  existing  course  of  nature,  which  may  be  available  in  the  interpreta* 
tion  of  geological  monuments.  It  appeared,  from  our  preliminary  sketch 
of  the  progress  of  the  science,  that  the  most  lively  interest  was  excited 
among  its  earlier  cultivators,  by  the  discovery  of  the  remains  of  animals 
and  plants  in  the  interior  bf  mountains  frequently  remote  from  the  sea. 
Much  controversy  arose  respecting  the  nature  of  these  remains,  the  causes 
which  may  have  brought  them  into  so  singular  a  position,  and  the  want 
of  a  specific  agreement  between  them  and  known  animals  and  plants. 
To  qualify  ourselves  to  form  just  views  on  these  curious  questions,  we 
must  first  study  the  present  condition  of  the  animate  creation  on  the  globe. 
This  branch  of  our  inquiry  naturally  divides  itself  into  two  parts ;  first, 
we  may  examine  the  vicissitudes  to  which  species  are  subject ;  secondly, 
the  processes  by  which  certain  individuals  of  these  species  occasionally 
become  fossil.  The  first  of  these  divisions  will  lead  us,  among  other 
topics,  to  inquire,  first,  whether  species  have  a  real  and  permanent  exist- 
ence in  nature  7  or  whether  they  are  capable,  as  some  naturalists  pretend, 
of  being  indefinitely  modified  in  the  course  of  a  long  series  of  generations  ? 
Secondly,  whether,  if  species  have  a  real  existence,  the  individuals  com- 
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poting  theiii  liaTe  1ieen  derived  oiigiiially  from  nwny  similtr  ttoeksror 
each  fi^  ontonly,  the  deseendantf  of  which  have  sjiread  theqiadvea 
grad(m|' f|Dm  a  particular  point  over  the  habitable  lands  and  watemf 
Thirdly,  1^  far  the  duration  of  eaeh  a pecies  of  animd  and  plant  la 
limited  bjr  its  dependence  on  certain  flnctnatinf  and  temporary  eondtdoaa 
in  the  ataie  of  the  animate  and  inanimate  woridt  FonrtMyt  whether 
there  beproofs  of  the  socoessive  e^ctermittation  of  apeeks  in  the  ov^isii^ 
eoarsew  nature,  and  whetheHiie^ijIifll^  reason  for  eonjeetafiflcJNl 
new  animals  and  plants  are  created  from  time  to  time,  to  sopfriy  d|m 

r~     Whether  species  have  a  real  exhtmee  ^  nature.— pBefore  we  ean 

'    advance  a  step  in  onr  proposed  inquiry,  we  must  be  able  to  define  fpe* 

eisely  the  meanin|;  which  we  attach  to  thtl  term  species.    This  is  «ve^ 

mora  necessi^:1i4|id«^1iiin'lir  lh»  di|||lrf  mxOkm^i^iSlm  nalnratisli 

for  they  who  d|||||tiliat  soch  a  thing  as  a  species  exists,  concede  nevar- 

y^fm  conatai|t».  jmaMiie  they  ociafiA^.  iMr  ol^servi^ioiis  to  a  bii^ir.  ]NK^ 
|_  aiu  lifiie^  Jaal  as  the  gei%rifAer4  in  eonstroetiag  bis  JMye  komttrnmif 
to  century,  may  proceed  as  If  Ail' Sjffireill  plaeM  aSfk^  MdiUhs 
remained  absolutely  the  same,  and  as  if  no  alteration  wero  brought  dbent 
"tf  ^i».pr«^essf6n  of  iK«^  equh^otei ;  id;  ft  H  sdd;  M  fiiv6ifgaiiilrWdMll 
IM  stabili^  of  ^  spei^es  i^ay  M  IritAs  ii  absotiHIi,  t  ##  do  ttot  MMtfif 
oltf  irie#a  beyond  m  ttMW  j96riod  W  hirtiiin  mmf  if  lift  lei  a  MMNtf 
MAibcf^^  cdmiiries  elafiie,  to  all6W  of  flnporttthlt  r^^hiHoQi  iirlfKiiuil^ 
physics)  geography,  and  other  circumstances,  and  the  characters,  sajr 
they^  of  the  descendants  of  common  parentis  may  deviate  indefinitely  ftoja 
th^rr  dHginal  ttpe. 

Now,  if  these  doctrines  be  tenable,  we  are  at  once  presented  with  a 
j^lnciple  df  incessant  change  in  the  organic  world ;  tod  no  deg^ree  of 
dissimilarity  in  the  plants  and  animals  which  may  formerly  have  existed, 
ahd  are  found  fossil,  would  entitle  us  to  conclude  that  they  may  not  have 
b^en  the  prototypes  and  progenitors  of  (he  species  now  living*  Accord- 
ingly  M.  Geefiroy  St.  Hilaire  has  declared  his  opinion,  that  there  hsi 
been  an  uninterrupted  succession  in  the  animal  kingdom,  effected  by 
means  of  generation,  from  the  earliest  ages  of  the  worid  up  to  the  present 
day ;  and  that  the  ancient  animals  whose  remains  have  been^  preserved 
in  the  strata,  however  different,  may  nevertheless  have  been  the  aneestois 
of  those  now  in  being.  This  notion  is  not  very  generally  reeeiv^i  bat 
w^  are  not  warranted  in  assuming  the  contrary,  without  fully  explainiiSg 
the  data  and  ressohing  by  which  it  may  be  refuted. 

I  shsli  begin  by  stating  as  concisely  as  possible  all  the  (acts  and  inge- 
nious  arguments  by  which  the  theory  has  been  supported ;  and  for  this 
purpose  I  cannot  do  better  than  offer  the  reader  a  rapid  riietch  of 
'  Lamarck's  stiktement  of  the  proofs  which  he  regards  as  confirmatory  of 
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the  doctrine,  and  which  he  has  derived  parily  from  the  works  of  his  pra^ 
deceesora  and  in  part  from  original  investigations. 

His  proofs  and  inferences  will  be  best  considered  in  the  ord^r  ia  which 
they  appear  to  have  influenced  his  mind,  and  I  shall  then  point  out  some 
of  the  results  to  which  he  was  led  while  boldly  following  out  bis  princi- 
ples to  their  legitimate  consequences. 

Lamarck's  argtimtnls  in  favour  of  the  transmutation  of  species.'^ 
The  name  of  species,  observes  Lamarck,  has  been  usually  applied  to 
«•  every  collection  of  similar  individuals  produced  by  other  individttale 
like  themselves."*  This  definition,  he  admits,  is  correct;  becansecirery 
living  individual  bears  a  very  close  resemblance  to  those  from  which  it 
springs.  But  this  is  not  all  which  is  usually  implied  by  the  term  species; 
for  the  majority  of  naturalists  agree  with  Linnsus  in  supposing  that  all 
the  individuals  propagated  from  one  stock  have  certain  distinguishing 
characters  in  common,  which  will  never  vary,  and  wllkh  have  remained 
the  same  since  the  creation  of  each  species. 

In  order  to  shake  this  opinion,  Lamarck  enters  upon  the  following  lina 
of  argument: — The  more  we  advance  in  the  knowledge  of  the  different 
organized  bodies  which  cover  the  surface  of  the  globe,  the  more  otnr 
embarrassment  increases,  to  determine  what  ought  to  be  regarded  as  a 
species,  and  still  more  how  to  limit  and  distinguish  genera.  Jn  propor- 
tion as  our  collections  are  enriched,  we  see  almost  every  void  filled  up, 
and  all  our  lines  of  separation  effaced ;  we  are  reduced  to  arbitrary  deter- 
minations,  and  are  sometimes  fain  to  seize  upon  the  slight  diffferences  of 
mere  varieties,  in  order  to  form  characters  for  what  we  choose  to  call  a 
species;  and  sometimes  we  are  induced  to  pronounce  individuals  bat 
slightly  differing,  and  which  others  regard  as  true  species,  to  be  varieties. 

The  greater  the  abundance  of  natural  objects  assembled  together,  the 
more  do  we  discover  proofs  that  every  thing  passes  by  insensible  shades 
into  something  else :  that  even  tlie  more  remarkable  differences  are  evan- 
escent, and  that  nature  has,  for  the  most  part,  left  us  nothing  at  our  dis- 
posal for  establishing  distinctions,  save  triffing,  and,  in  some  respects, 
pnerile  particularities. 

We  find  that  many  genera  amongst  animals  and  plants  are  of  such  an 
extent,  in  consequence  of  tlie  number  of  species  referred  to  them,  that 
the  study  and  determination  of  these  last  has  become  almost  impractica- 
ble* Wheu  the  species  are  arranged  in  a  series,  and  placed  near  to  each 
other*  with  due  regard  to  their  natural  affinities,  they  each  differ  in  so 
minute  a  degree  from  those  next  adjoining,  that  they  almost  melt  into 
each  other,  and  are  in  a  manner  confounded  together.  If  we  see  isolated 
epecies,  we  may  presume  the  absence  of  some  more  closely  connected, 
end  which  have  not  yet  been  discovered.    Already  are  there  genera,  ^nd 

«  PhU.  ZooL,  torn.  i.  p.  54. 
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even  entire  orders— DBy,  whole  classes,  which  present  an  approximation 
to  the  state  of  things  here  indicated. 

If,  when  species  have  been  thus  placed  in  a  regular  series,  we  select 
one,  and  then,  making  a  leap  over  several  intermediate  ones,  we  take  a 
second,  at  some  distance  from  the  first,  these  two  will,  on  comparison, 
be  seen  to  be  very  dissimilar ;  and  it  is  in  this  manner  that  every  naturalist 
begins  to  study  the  objects  which  are  at  his  own  door.  He  then  finds  it 
an  easy  task  to  establish  generic  and  specific  distinctions  ;  and  it  is  only 
when  his  experience  is  enlarged,  and  when  he  has  made  himself  master 
of  the  intermediate  links,  that  his  difficulties  and  ambiguities  begin.  But 
while  we  are  thus  compelled  to  resort  to  trifling  and  minute  characters  in 
our  attempt  to  separate  species,  we  find  a  striking  disparity  between  indi- 
viduals which  we  know  to  have  descended  from  a  common  stock;  and 
these  newly  acquired  peculiarities  are  regularly  transmitted  from  one 
generation  to  another,  constituting  what  are  called  races. 

From  a  great  number  of  facts,  continues  the  author,  we  learn  that  in 
proportion  as  the  individuals  of  one  of  our  species  change  their  situation, 
climate,  and  manner  of  living,  they  change  also,  by  little  and  little,  the 
consistence  and  proportions  of  their  parts,  their  form,  their  faculties,  and 
even  their  organization,  in  such  a  manner  that  every  thing  in  them  comes 
It  last  to  participate  in  the  mutations  to  which  they  have  been  exposed, 
ilven  in  the  same  climate,  a  great  difierence  of  situation  and  exposure 
causes  individuals  to  vary ;  but  if  these  individuals  continue  to  live  and  to 
be  reproduced  under  the  same  difierence  of  circumstances,  distinctions 
are  brought  about  in  them  which  become  in  some  degree  essential  to 
their  existence.  In  a  word,  at  the  end  of  many  successive  generations, 
these  individuals,  which  originally  belonged  to  another  species,  are  trans- 
formed into  a  new  and  distinct  species.* 

Thus,  for  example,  if  the  seeds  of  a  grass,  or  any  other  plant  which 
grows  naturally  in  a  moist  meadow,  be  accidentally  transported,  first  to 
the  slope  of  some  neighbouring  bill,  where  the  soil,  although  at  a  greater 
elevation,  is  damp  enough  to  allow  the  plant  to  live ;  and  if,  after  having 
lived  there,  and  having  been  several  times  regenerated,  it  reaches  by 
degrees  the  drier  and  almost  arid  soil  of  a  mountain  declivity,  it  will  then, 
if  it  succeeds  in  growing,  and  perpetuates  itself  for  a  series  of  generap 
tions,  be  so  changed  that  botanists  who  meet  with  it  will  regard  it  as  a 
particular  species.t  The  unfavourable  climate  in  this  case,  deficiency  of 
nourishment,  exposure  to  the  winds,  and  other  causes,  give  rise  to  a 
stunted  and  dwarfish  race,  with  some  organ  naore  developed  than  others, 
and  having  proportions  often  quite  peculiar. 

What  nature  brings  about  in  a  great  lapse  of  time,  we  occasion  suddenly 
by  changing  the  circumstances  in  which  a  species  has  been  accustomed 
to  live.     All  are  aware  that  vegetables  taken  from  their  birth-place,  and 

*  PkiL  Zod.,  ton.  i.  p.  68.  f  Ibid. 
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cuUiTated  in  gardens,  undergo  changes  which  render  them  no  longer 
recognisable  as  the  same  plants.  Many  which  were  naturally  hairy  become 
smooth,  or  nearly  so ;  a  great  number  of  such  as  were  creepers  and 
trailed  along  the  ground,  rear  their  stalks  and  grow  erect.  Others  lose 
their  thorns  or  asperites ;  others,  again,  from  the  ligneous  stale  which 
tlieir  stem  possessed  in  hot  climates,  where  they  were  indigenous,  pass 
to  the  herbaceous ;  and,  among  them,  some  which  were  perennials 
become  mere  annuals.  So  well  do  botanists  know  the  effects  of  such 
changes  of  circumstances,  that  they  are  averse  to  describe  species  from 
garden  specimens,  unless  they  are  sure  that  they  have  been  cultivated  for 
a  very  short  period. 

**  Is  not  the  cultivated  wheat"  {Triiicum  ffativum)^  asks  Lamarck, 
'*  a  vegetable  brought  by  man  into  the  state  in  which  we  now  sec  it  ?  Let 
any  one  tell  me  in  what  country  a  similar  plant  grows  wild,  unless  where 
it  has  escaped  from  cultivated  fields  ?  Where  do  we  find  in  nature  our  cab- 
bages, lettuces,  and  other  culinary  vegetables,  in  the  state  in  which  they 
appear  in  our  gardens  ?  Is  it  not  the  same  in  regard  to  a  great  quantity 
of  animals  which  domesticity  has  changed  or  considerably  modified  ?"* 
Our  domestic  fowls  and  pigeons  are  unlike  any  wild  birds.  Our  domes- 
tic ducks  and  geese  have  lost  the  faculty  of  raising  themselves  into  the 
higher  regions  of  the  air,  and  crossing  extensive  countries  in  their  flight, 
like  the  wihl  ducks  and  wild  greese  from  wliich  they  were  originally 
derived.  A  bird  which  we  breed  in  a  cage  cannot,  when  restored  to 
liberty,  fly  like  others  of  the  same  species  which  have  been  always  free. 
This  small  alteration  of  circumstances,  however,  has  only  diminished  (he 
power  of  flight,  without  modifying  the  form  of  any  part  of  the  wings. 
But  when  individuals  of  the  same  race  are  retained  in  captivity  during  a 
considerable  length  of  time,  the  form  even  of  their  parts  is  gradually 
made  to  difler,  especially  if  climate,  nourishment,  and  other  circum^ 
stances  be  also  altered. 

The  numerous  races  of  dogs  which  we  have  produced  by  domesticity 
are  nowhere  to  be  found  in  a  wild  state.  In  nature  we  should  seek  in 
vain  for  mastifls,  harriers,  spaniels,  greyhounds,  and  other  races,  between 
which  the  diflercnces  are  sometimes  so  great  that  they  would  be  readily 
admitted  as  specific  between  wild  animals;  ** yet  all  these  have  sprung 
originally  from  a  single  race,  at  first  approaching  very  near  to  a  wolf,  if, 
indeed,  the  wolf  be  not  the  true  type  which  at  some  period  or  other  watf 
domesticated  by  man." 

Although  important  changes  in  the  nature  of  the  places  which  they 
inhabit  modify  the  organization  of  animals  as  well  as  vegetables,  yet  the 
former,  says  Lamarck,  require  more  time  to  complete  a  considerable 
degree  of  transmutation ;  and,  consequently,  we  are  less  sensible  of  such 
occurrences.     Next  to  a  diversity  of  the  medium  in  which  animals  or 

*  Phil.  Zool,  torn.  i.  p.  S97. 
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pkDts  may  Hfo,  the  circamttanoes  which  have  most  infloence  in  modify- 
ing their  organs  are  diflerencet  in  exposure,  climate,  the  nature  of  the 
soil,  and  other  .local  particulars.  These  circumstances  are  as  varied  as 
are  Uie  characters  of  the  species,  and,  like  them,  pass  by  insensible 
shades  into  each  other,  there  being  every  intermediate  gradation  between 
the  opposite  extremes.  But  each  locality  remains  for  a  very  long  time 
the  same,  and  is  altered  so  slowly  that  we  can  only  become  conscious  of 
the  reality  of  the  change  by  consulting  geological  monuments,  by  which 
we  learn  that  the  order  of  things  which  now  reigns  in  each  place  has  not 
always  prevailed,  and  by  inference  anticipate  that  it  will  not  always  con- 
tinue the  same.* 

Every  considerable  alteration  in  the  local  circumstances  in  which  each 
race  of  animals  exists  causes  a  change  in  their  wants,  and  these  new 
wants  excite  them  to  new  actions  and  habits.  These  actions  require  the 
more  frequent  employment  of  some  parts  before  but  slightly  exercised, 
and  then  greater  development  follows  as  a  consequence  of  their  more  fre- 
quent use.  Other  organs  no  longer  in  nse  are  impoverished  and  dimin- 
ished in  size,  nay,  are  sometimes  entirely  annihilated,  while  in  their 
place  hew  parts  are  insensibly  produced  for  the  discharge  of  new  func- 
tions.! 

I  must  here  interrupt  the  author's  argument,  by  observing,  that  no  posi- 
tive fact  is  cited  to  exemplify  the  substitution  of  some  entirely  new  sense, 
faculty,  or  organ,  in  the  room  of  some  other  suppressed  as  useless.     All 
the  instances  adduced  go  only  to  prove  that  the  dimensions  and  strength  of 
members  and  the  perfection  of  certain  attributes  may,  in  a  long  succession 
of  generations,  be  lessened  and  enfeebled  by  disuse ;  or,  on  the  contrary, 
be  matured  and  augmented  by  active  exertion ;  just  as  we  know  that  the 
power  of  scent  is  feeble  in  the  greyhound,  while  its  swiftness  of  pace  and 
its  acuteness  of  sight  are  remarkable— that  the  harrier  and  stag-hound,  on 
the  contrary,  are  comparatively  slow  in  their  movements,  but  excel  in  the 
sense  of  smelling. 
J  l^lt  was  necessary  to  point  out  to  the  reader  this  important  chasm  in  the 
chain  of  evidence,  because  he  might  otherwise  imagine  that  I  had  merely 
omitted  the  illustrations  for  the  sake  of  brevity,  but  the  plain  truth  is, 
that  there  were  no  examples  to  be  found;  and  when  Lamarck  talks  '*  of 
the  efforts  of  internal  sentiment,"  *'  the  influence  of  subtle  fluids,"  and 
*<  acts  of  organization,*'  as   causes   whereby   animals  and  plants   may 
acquire  new  organs,  he  substitutes  names  for  things  ;  and,  with  a  disre- 
gard to  the  strict  rules  of  induction,  resorts  to  fictions,  as  ideal  as  the 
*'  plastic  virtue,"  and  other  phantoms,  of  the  geologists  of  the  middle 

It  is  evident  that,  if  some  well-authenticated  facts  could  have  beea 
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•ddaced  to  establish  one  complete  step  in  the  process  of  transformation, 
inch  as  the  appearance,  in  individuals  descending  from  a  common  stock, 
of  a  sense  or  organ'  entirely  new,  and  a  complete  disappearance  of  some 
other  enjoyed  by  their  progenitors,  time  alone  might  then  be  supposed 
safficient  to  bring  about  any  amount  of  metamorphosis.  The  gratuitous 
assumption,  therefore,  of  a  point  so  vital  to  the  theory  of  transmutation, 
was  unpardonable  on  the  part  of  its  advocate. 

But  to  proceed  with  the  system :  it  being  assumed  as  an  ihidonbted 
fact,  that  a  change  of  external  circumstances  may  cause  one  organ  to 
become  entirely  obsolete,  and  a  new  one  to  be  developed,  such  as  never 
before  belonged  to  the  species,  the  following  proposition  is  announced, 
which,  however  staggering  and  absurd  it  may  seem,  is  logically  deduced 
from  the  assumed  premises.  It  is  not  the  organs,  or,  in  other  words, 
the  nature  and  form  of  the  parts  of  the  body  of  an  animal,  which  have 
given  rise  to  its  habits,  and  its  particular  faculties ;  but,  on  the  contrary, 
its  habits,  its  manner  of  living,  and  those  of  its  progenitors,  have  in  the 
sourse  of  time  determined  the  form  of  its  body,  the  number  and  condition 
of  its  organs,  in  short,  the  faculties  which  it  enjoys.  Thus  otters,  bea- 
vers, water- fowl,  turtles,  and  frogs,  were  not  made  web-footed  in  order 
that  they  might  swim  ;  but  their  wants  having  attracted  them  to  the  water 
in  search  of  prey,  they  stretched  out  the  toes  of  their  feet  to  strike  the 
water  and  move  rapidly  along  its  surface.  By  the  repeated  stretching  of 
their  toes,  the  skin  which  united  them  at  the  base  acquired  a  habit  of 
extension,  until,  in  the  course  of  time,  the  broad  membranes  which'now 
connect  their  extremities  were  formed. 

In  like  manner,  the  antelope  and  the  gazelle  were  not  endowed  with 
light  agile  forms,  in  order  that  they  might  escape  by  flight  from  carnivo- 
rous animals ;  but,  having  been  exposed  to  the  danger  of  being  devoured 
by  lions,  tigers,  and  other  beasts  of  prey,  they  were  compelled  to  exert 
themselves  in  running  with  great  celerity;  a  habit  which,  in  the  course 
of  many  generations,  gave  rise  to  the  peculiar  slenderness  of  their  legs, 
and  the  agility  and  elegance  of  their  forms. 

The  cainelopard  was  not  gifted  with  a  long  flexible  neck  because  it 
was  destined  to  live  in  the  interior  of  Africa,  where  the  soil  was  arid  and 
devoid  of  herbage ;  but,  being  reduced  by  the  nature  of  that  country  to 
support  itself  on  the  foliage  of  lofty  trees,  it  contracted  a  habit  of  stretch- 
ing itself  up  to  reach  the  high  boughs,  until  its  fore  legs  became  longer 
than  the  hinder,  and  its  neck  so  elongated  that  it  could  raise  its  head  to 
the  height  of  twenty  feet  above  the  ground. 

Another  line  of  argument  is  then  entered  upon,  in  further  corroboration 
of  the  instability  of  species.  In  order,  it  is  said,  that  individuals  should 
perpetuate  themselves  unaltered  by  generation,  those  belonging  to  one 
species  ought  never  to  ally  themselves  to  those  of  another;  but  such 
sexual  unions  do  take  place,  both  among  plants  and  animals ;  and  although 
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the  offspring  of  such  irregular  connexiont  are  usually  sterile,  yet  such  is 
not  always  the  case.  Hybrids  have  sometimes  proved  prolific,  where 
the  disparity  between  the  species  was  not  too  great;  and  by  this  means 
alone,  says  Lamarck,  varieties  may  gradually  be  created  by  near  alliances, 
which  would  become  races,  and  in  the  coune  of  time  would  constitute 
what  we  term  species.* 

But  if  the  soundness  of  all  these  arguments  and  inferences  be  aJmitted, 
we  aie  B0SI  to  inquire,  what  were  the  original  types  of  form,  organiza- 
tion, and  instinct,  from  which  the  diversities  of  character,  as  now  exhibited 
by  animals  and  plants,  have  been  derived  T  We  know  that  individuals 
which  are  mere  varieties  of  the  same  species  would,  if  their  pedigree 
could  be  traced  back  far  enough,  terminate  in  a  single  stock;  so,  accord- 
ing to  the  train  of  reasoning  before  described,  the  species  of  a  genus,  and 
even  the  genera  of  a  great  family,  must  have  had  a  common  point  of  de- 
parture. What,  then,  was  the  single  stem  from  which  so  many  varieties 
of  form  have  ramified  ?  Were  there  many  of  these,  or  are  we  to  refer 
the  origin  of  the  whole  animate  creation,  as  the  Egyptian  priests  did  that 
of  the  universe,  to  a  single  egg  ? 

In  the  absence  of  any  positive  data  for  framing  a  theory  on  so  obscure 
a  subject,  the  following  considerations  were  deemed  of  importance  to 
guide  conjecture. 

In  the  first  place,  if  we  examine  the  whole  series  of  known  animals, 
from  one  extremity  to  the  otlier,  when  they  are  arranged  in  the  order  of 
their  natural  relations,  we  find  that  we  may  pass  progressively,  or,  at 
least,  with  very  few  interruptions,  from  beings  of  more  simple  to  tliose 
of  a  more  compound  structure;  and,  in  proportion  as  the  complexity  of 
their  organization  increases,  the  number  and  dignity  of  their  faculties  in- 
crease also.  Among  plants,  a  similar  approximation  to  a  graduated  scale 
of  being  is  apparent.  Secondly,  it  appears,  from  geological  observations, 
that  plants  and  animals  of  more  simple  organization  existed  on  the  globe 
before  the  appearance  of  those  of  more  compound  structure,  and  the  latter 
were  successively  formed  at  more  modern  periods;  each  new  race  being 
more  fully  developed  than  the  most  perfect  of  the  preceding  era. 

Of  the  truth  of  the  last-mentioned  geological  theory,  Lamarck  seems  to 
have  been  fully  persuaded ;  and  he  also  shows  that  he  was  deeply  im- 
pressed with  a  belief  prevalent  amongst  the  older  natumlists,  that  the 
primeval  ocean  invested  the  whole  planet  long  after  it  became  the  habita- 
tion of  living  beings ;  and  thus  he  was  inclined  to  assert  the  priority  of 
the  types  of  marine  animals  to  those  of  the  terrestrial,  so  as  to  fancy,  for 
example,  that  the  tesiacea  of  the  ocean  existed  first,  until  some  of  them, 
by  gradual  evolution,  were  improved  into  those  inhabiting  the  land. 
\ These  speculative  views  had  already  been,  in  a  great  degree,  antici- 
pated by  Demaillet  in  his  Telliamed,  and  by  several  modern  writers ;  bo 

•  Phil.  Zool.,  p.  64. 
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that  the  ftbles  were  completely  tarned  on  the  philosophers  of  antiquity, 
with  whom  it  was  a  received  maxim,  that  created  things  were  always 
most  perfect  when  they  came  first  from  the  hands  of  their  Maker ;  and 
that  there  was  a  tendency  to  progressive  deterioration  in  sublunary  things 
when  left  to  themselves — 


omnia  fatis 


In  pejns  ruerc,  ac  retro  sublapsa  referrL 

So  deeply  was  the  faith  of  the  ancient  schools  of  philosophy  imbued 
with  this  doctrine,  that,  to  check  this  universal  proneness  to  degeneracy, 
nothing  less  than  the  re-intervention  of  the  Deity  was  thought  adequate ; 
and  it  was  held,  that  thereby  the  order,  excellence,  and  pristine  energy 
of  the  moral  and  physical  world  had  been  repeatedly  restored. 

But  when  the  possibility  of  the  indefinite  modification  of  individuals 
descending  from  common  parents  was  once  assumed,  as  also  the  geologi- 
cal inference  respecting  the  progressive  development  of  organic  life,  it 
was  natural  that  the  ancient  dogma  should  be  rejected,  or  rather  reversed, 
and  that  the  most  simple  and  imperfect  forms  and  faculties  should  be  con- 
ceived to  have  been  the  originals  whence  all  others  were  developed.  Ac- 
cordingly, in  conformity  to  these  views,  inert  matter  was  supposed  to 
have  been  first  endowed  with  life ;  until,  in  the  course  of  ages,  sensation 
was  superadded  to  mere  vitality :  sight,  hearing,  and  the  other  senses 
were  afterwards  acquired ;  then  instinct  and  the  mental  faculties ;  until, 
finally,  by  virtue  of  the  tendency  of  things  to  progressive  improvemenif 
the  irrational  was  developed  into  the  rational. 

The  reader,  however,  will  immediately  perceive  that  when  all  the 
higher  order  of  plants  and  animals  were  thus  supposed  to  be  comparatively 
modem,  and  to  have  been  derived  in  a  long  series  of  generations  from 
those  of  more  simple  conformation,  some  further  hypothesis  became  indis- 
pensable, in  order  to  explain  why,  after  an  indefinite  lapse  of  ages,  there 
were  still  so  many  beings  of  the  simplest  structure.  Why  have  the  ma- 
jority of  existing  creatures  remained  stationary  throughout  this  long  suc- 
cession of  epochs,  while  others  have  made  such  prodigious  advances? 
Why  are  there  such  multitudes  of  infusoria  and  polyps,  or  of  confervse 
and  other  cryptoga'mic  plants?  Why,  moreover,  has  the  process  of 
development  acted  with  such  unequal  and  irregular  force  on  those  classes 
of  beings  which  have  been  greatly  perfected,  so  that  there  are  wide 
chasms  in  the  series ;  gaps  so  enormous,  that  Lamarck  fairly  admits  we 
can  never  expect  to  fill  them  up  by  future  discoveries  ? 

The  following  hypothesis  was  provided  to  meet  these  objections. 
Nature,  we  are  told,  is  not  an  intelligence,  nor  the  Deity  ;  but  a  dele- 
gated power— a  mere  instrument— > a  piece  of  mechanism  acting  by  neces^ 
sity — an  order  of  things  constituted  by  the  Supreme  Being,  and  subject  to 
laws  which  are  the  expressions  of  his  will.  This  Nature  is  obliged  to 
Vol.  L— 3  M 
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proceed  gradually  in  all  her  operations ;  she  cannot  produce  aiHmals  and 
plants  of  all  classes  at  once,  but  must  always  begin  by  the  formation  of 
the  most  simple  kinds,  and  out  of  them  elaborate  the  more  compound, 
adding  to  them,  successively,  different  systems  of  organs,  and  multiplying 
more  and  more  their  number  and  energy. 

This  Nature  i^  daily  engaged  in  the  formation  of  the  elementary  rudi- 
ments of  animal  and  vegetable  existence,  which  correspond  to  what  the 
ancients  termed  spontaneous  generation.  She  is  always  beginning  anew, 
day  by  day,  the  work  of  creation,  by  forming  monads,  or  **  rough  draughts*' 
(^bauches),  which  are  the  only  living  things  she  gives  binh  to  directly. 

There  are  distinct  primary  rudiments  of  plants  and  animals,  and  proba' 
bbf  of  each  of  the  great  divisions  of  the  animal  and  vegetable  kingdoms.* 
These  are  gradually  developed  into  the  higher  and  more  perfect  classes  by 
the  slow  but  unceasing  agency  of  two  influential  principles :  first,  the 
tendency  to  progressive  advancement  in  organization,  accompanied  by 
greater  dignity  in  intelligence,  &c. ;  secondly,  the  force  of  external  cir- 
eumstanceSf  or  of  variations  in  the  physical  condition  of  the  earth,  or  the 
mutual  relations  of  plants  and  animals.  For,  as  species  spread  them- 
selves gradually  over  the  globe,  they  are  exposed  from  time  to  time  to 
▼ariations  in  climate,  and  to  changes  in  the  quantity  and  quality  of  their 
Ibod ;  they  meet  with  new  plants  and  animals  which  assist  or  retard  their 
development,  by  supplying  them  with  nutriment,  or  destroying  their  foes. 
The  nature,  also,  of  each  locality,  is  in  itself  fluctuating ;  so  that,  even  if 
the  relation  of  other  animals  and  plants  were  invariable,  the  habits  and 
organization  of  species  would  be  modified  by  the  influence  of  local  revo- 
lutions. 

Now,  if  the  first  of  these  principles,  the  tendency  to  progressive  develop- 
ment, were  left  to  exert  itself  with  perfect  freedom,  it  would  give  rise, 
says  Lamarck,  in  the  course  of  ages,  to  a  graduated  scale  of  being,  where 
the  most  insensible  transition  might  be  traced  /rom  the  simplest  to  the 
most  compound  structure,  from  the  humblest  to  the  most  exalted  degree 
of  intelligence.  But,  in  consequence  of  the  perpetual  interference  of  the 
external  causes  before  mentioned,  this  regular  order  is  greatly  interfered 
with,  and  an  approximation  only  to  such  a  state  of  things  is  exhibited  by 
the  animate  creation,  the  progress  of  some  races  being  retarded  by 
unfavourable,  and  that  of  others  accelerated  by  favourable,  combinations 
of  circumstances.  Hence,  all  kinds  of  anomalies  interrupt  the  continuity 
of  the  plan  ;  and  chasms,  into  which  whole  genera  or  families  might  be 
inserted,  are  seen  to  separate  the  nearest  existing  portions  of  the  series. 

Lamarck^ s  theory  of  the  transformation  of  the  Orang-Outang  into  the 
human  «/?ecte<.— -Such  is  the  machinery  of  the  Lamarckian  system ;  bet 
the  reader  will  hardly,  perhaps,  be  able  to  form  a  perfect  conception  of  so 

*  Animauz  sans  Vert.  torn.  i.  p.  66.    Introdootion. 
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eomplicated  a  piece  of  mechanism,  unless  it  is  exhibited  in  motion,  so 
that  we  may  see  in  what  manner  it  can  work  out,  under  the  author's  gui- 
dance, all  the  extraordinary  effects  which  we  behold  in  the  present  state  of 
the  animate  creation.  I  have  only  space  for  exhibiting  a  small  part  of 
the  entire  process  by  which  a  complete  metamorphosis  is  achieved,  and 
shall,  therefore,  omit  the  mode  by  which,  after  a  countless  succession  of 
generations,  a  small  gelatinous  body  is  transformed  into  an  oak  or  an  ape ; 
passing  on  at  once  to  the  last  grand  step  in  the  progressive  scheme,  by/ 
which  the  orang-outang,  having  been  already  evolved  out  of  a  monad,  if  ( 
made  slowly  to  attain  the  attributes  and  dignity  of  man.  ' 

One  of  the  races  of  quadrumanous  animals  which  had  reached  the 
highest  state  of  perfection,  lost,  by  constraint  of  circumstances  (concern- 
ing the  exact  nature  of  which  tradition  is  unfortunately  silent),  the  habit 
of  climbing  trees,  and  of  hanging  on  by  grasping  the  boughs  with  their 
feet  as  with  hands.  The  individuals  of  this  race  being  obliged,  for  a  long 
series  of  generations,  to  use  their  feet  exclusively  for  walking,  and  ceas- 
ing to  employ  their  hands  as  feet,  were  transformed  into  bimanous  ani- 
mals ;  and  what  before  were  thumbs  became  mere  toes,  no  separation 
being  required  when  their  feet  were  used  solely  for  walking.  Having 
acquired  a  habit  of  holding  themselves  upright,  their  legs  and  feet  assumed^ 
insensibly,  a  conformation  fitted  to  support  them  in  an  erect  attitude^  till 
at  last  these  animals  could  no  longer  go  on  all-fours  without  much  incon- 
venience. 

The  Angola  orang  {Simia  troghdyiesj  Linn.)  is  the  most  perfect  of 
animals;  much  more  so  than  the  Indian  orang  (Simia  Saiynts)^  which 
has  been  called  the  orang-outang,  although  both  are  very  inferior  to  many  in 
corporeal  powers  and  intelligence.  These  animals  frequently  hold  them- 
selves upright ;  but  their  organization  has  not  yet  been  sufficiently  mo- 
dified to  sustain  them  habitually  in  this  attitude,  so  that  the  standing 
posture  is  very  uneasy  ^them.  When  the  Indian  orang  is  compelled  to 
take  flight  from  pressing  danger,  he  immediately  falls  down  upon  all- 
fours,  showing  clearly  that  this  was  the  original  position  of  the  animal. 
Even  in  man,  whose  organization,  in  the  course  of  a  long  series  of  gene- 
rations, has  advanced  so  much  farther,  the  upright  posture  is  fatiguing,  and 
can  be  supported  only  for  a  limited  time,  and  by  aid  of  the  contraction  of 
many  muscles.  If  the  vertebral  column  formed  the  axis  of  the  human 
body,  and  supported  the  head  and  all  the  otlier  parts  in  equilibrium,  then 
might  the  upright  position  be  a  state  of  repose :  but,  as  the  human  head 
does  not  articulate  in  the  centre  of  gravity,  as  the  chest,  belly,  and  other 
parts  press  almost  entirely  forward  with  their  whole  weight,  and  as  the 
vertebral  column  reposes  upon  an  oblique  base,  a  watchful  activity  is 
required  to  prevent  the  body  f;rom  falling.  Children  which  have  large 
beads  and  prominent  bellies  can  hardly  walk  at  the  end  even  of  two  years ; 
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and  their  frcquant  tamblet  indicate  the  natural  tendency  in  man  to  rerame 
the  qnadrapedal  state. 

Now,  when  to  much  progress  had  been  made  by  the  quadrumanons 
animals  before  mentioned,  that  they  could  hold  themselves  habitually  in 
an  erect  attitude,  and  were  accustomed  to  a  wide  range  of  vision,  and 
ceased  to  use  their  jaws  for  fighting  and  tearing,  or  for  clipping  herbs  for 
food,  their  snout  became  gradually  shorter,  their  incisor  teeth  became  ver- 
tical, and  the  facial  angle  grew  more  open. 

Among  other  ideas  which  the  natural  tendency  to  perfection  engen- 
dered, the  desire  of  ruling  suggested  itself,  and  this  race  succeeded  at 
length  in  getting  the  better  of  the  other  animals,  and  made  themselves 
masters  of  all  those  spots  on  the  surface  of  the  globe  which  best  suited 
them.  They  drove  out  the  animals  which  approached  nearest  them  in 
organization  and  intelligence,  and  which  were  in  a  condition  to  dispute 
with  them  the  good  things  of  this  world,  forcing  them  to  take  refuge  in 
deserts,  woods,  and  wildernesses,  where  their  multiplication  was  checked, 
and  the  progressive  development  of  their  faculties  retarded;  while,  in 
the  mean  time,  tlie  dominant  race  spread  itself  in  every  direction,  and 
lived  in  large  companies,  where  new  wants  were  successively  created, 
exciting  them  to  industry,  and  gradually  perfecting  their  means  and 
faculties. 

In  the  supremacy  and  increased  intelligence  acquired  by  the  ruling 
race,  we  see  an  illustration  of  the  natural  tendency  of  the  organic  world 
to  grow  more  perfect ;  and,  in  their  influence  in  repressing  the  advance  of 
others,  an  example  of  one  of  tliose  disturbing  causes  before  enumerated, 
that /orce  of  external  circumstances ^  which  causes  such  wide  chasms  in 
the  regular  series  of  animated  being. 

When  the  individuals  of  the  dominant  race  became  very  numerous, 
their  ideas  greatly  increased  in  number,  and  they  felt  the  necessity  of 
communicating  them  to  each  other,  and  of  augmenting  and  varying  the 
signs  proper  for  the  communication  of  ideas.  Meanwhile  the  inferior 
quadrumanous  animals,  though  most  of  them  were  gregarious,  acquired 
no  new  ideas,  being  persecuted  and  restless  in  the  deserts,  and  obliged  to 
fly  and  conceal  themselves,  so  that  they  conceived  no  new  wants.  Such 
ideas  as  they  already  had  remained  unaltered,  and  they  could  dispense 
with  the  communication  of  the  greater  part  of  these.  To  make  them- 
selves, therefore,  understood  by  their  fellows,  required  merely  a  few 
movements  of  the  body  or  limbs — whistling,  and  the  uttering  of  certain 
cries  varied  by  tlie  inflexions  of  the  voice. 

On  the  contrary,  the  individuals  of  the  ascendant  race,  animated  with 
a  desire  of  interchanging  their  ideas,  which  became  more  and  more 
numerous,  were  prompted  to  multiply  the  means  of  communication,  and 
were  no  longer  satisfied  with  mere  pantomimic  signs,  nor  even  with  all 
the  possible  inflexions  of  the  voice ;  but  made  continual  eflforts  to  acquire 
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the  power  of  tittering  articulate  sounds,  employing  a  few  at  first,  but 
afterwards  varying  and  perfecting  them  according  to  the  increase  of  their 
vants.  The  habitual  exercise  of  their  throat,  tongue,  and  lips,  insensibly 
modified  the  conformation  of  these  organs,  until  they  became  fitted  for  the 
faculty  of  speech.* 

In  effecting  this  mighty  change,  "  the  exigencies  of  the  individnals 
were  the  sole  agents  ;  they  gave  rise  to  efforts,  and  the  organs  proper 
for  articulating  sounds  were  developed  by  their  habitual  employment.'* 
Hence,  in  this  peculiar  race,  the  origin  of  the  admirable  faculty  of 
speech ;  hence,  also,  the  diversity  of  languages,  since  the  distance  of  places 
where  the  individuals  composing  the  race  established  themselves  soon 
fiivoured  the  corruption  of  conventional  signs.t 

In  conclusion,  it  may  be  proper  to  observe  that  the  above  sketch  of  the 
Lamarckian  theory  is  no  exaggerated  picture,  and  those  passages  which 
have  probably  excited  the  greatest  surprise  in  the  mind  of  the  reader  are 
literal  translations  from  the  original. 


CHAPTER  II. 

TRAN8H17TATION  OF   SPECIES-— COfl/int^eil. 

fiaeafitiilatioD  of  the  argiiiiieiiUi  in  favour  of  the  theoiy  of  traxuimutation  of  species 
— neir  insufficiency — Causes  of  difficulty  in  discrimillating  species — Some  varie- 
ties  possibly  more  distinct  than  certain  individuals  of  distinct  species  (p.  497.) — 
Variability  in  a  species  ^^sistent  with  a  belief  that  the  limits  of  deviation  are  fixed 
-—No  fkcts  of  transmutation  authenticated — Varieties  of  the  Dog — the  Dog  and 
Wolf  distinct  ^ecies — ^Mummies  of  various  animals  from  Egypt  identical  in  cha- 
raeter  with  living  individuals  (p.  501.) — Seeds  and  plants  from  the  Egyptian  tombs 
— ^Modifications  produced  in  plants  by  agriculture  and  gardening. 

The  theory  of  the  transmutation  of  species,  considered  in  the  last  chap- 
tart  ^^^  ^^^  v^^h  some  degree  of  favour  from  many  naturalists,  from  their 
desire  to  dispense,  as  far  as  possible,  with  the  repeated  intervention  of  a 
First  Cause,  as  oflen  as  geological  monuments  attest  the  successive 
appearance  of  new  races  of  animals  and  plants,  and  the  extinction  of  those 
pie-ezisting.  But,  independently  of  a  predisposition  to  account,  if  pos- 
rible,  for  a  series  of  changes  in  the  organic  world  by  the  regular  action 
of  teeondary  causes,  we  have  seen  that  in  truth  many  perplexing  difficul- 

*  Lamarck's  Phil.  Zool.,  tom.  i.  p.  356.  t  Ibid.  p.  3S7. 
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ties  present  themselves  to  one  who  attempts  to  establish  the  nature  and 
reality  of  the  specific  character.  And  if  once  there  appears  ground  of 
reasonable  doubt,  in  regard  to  the  constancy  of  species,  the  amount  of 
transformation  which  they  are  capable  of  undergoing  may  seem  to  resolve 
itself  into  a  mere  question  of  the  quantity  of  time  assigned  to  the  past 
duration  of  animate  existence. 

Before  enterfng  upon  the  reasons  which  may  be  adduced  for  rejecting 
Lamarck*s  hypothesis,  I  shall  recapitulate,  in  a  few  words,  the  pheno- 
mena, and  the  whole  train  of  thought,  by  which  I  conceive  it  to  have 
been  suggested,  and  which  have  gained  for  this  and  analogous  theories, 
both  in  ancient  and  modern  times,  a  considerable  number  of  votaries. 

In  the  first  place,  the  various  groups  into  which  plants  and  animals  may 
be  thrown  seem  almost  invariably,  to  a  beginner,  to  be  so  natural,  that 
he  is  usually  convinced  at  first,  as  was  Linnaeus  to  the  last,  **  that  genera 
are  as  much  founded  in  nature  as  the  species  which  compose  them.'** 
When,  by  examining  the  numerous  intermediate  gradations,  the  student 
finds  all  lines -of  demarcation  to  be  in  most  instances  obliterated,  even 
where  they  at  first  appeared  most  distinct,  he  grows  more  and  more 
sceptical  as  to  the  real  existence  of  genera,  and  finally  regards  them  as 
mere  arbitrary  and  artificial  signs,  invented,  like  those  which  serve  to 
distinguish  the  heavenly  constellations,  for  the  convenience  of  classifica- 
tion, and  having  as  little  pretensions  to  reality. 

Doubts  are  then  engendered  in  his  mind  as  to  whether  species  may  not 
also  be  equally  unreal.  The  student  is  probably  first  struck  with  the 
phenomenon,  that  some  individuals  are  made  to  deviate  widely  from  the 
ordinary  type  by  the  force  of  peculiar  circumstances,  and  with  the  still 
more  extraordinary  fact,  that  th^  newly  acquired  peculiarities  are  faith- 
fully transmitted  to  the  offspring.  How  far,  he  asks,  may  such  varia- 
tions extend  in  the  course  of  indefinite  periods  of  time,  and  during  great 
vicissitudes  in  the  physical  condition  of  the  glob^  His  growing  incer^ 
tttude  is  at  first  checked  by  the  reflection,  that  nature  has  forbidden  the 
intermixture  of  the  descendants  of  distinct  original  stocks,  or  has,  at 
least,  entailed  sterility  on  their  offspring,  thereby  preventing  their  being 
confounded  together ;  and  pointing  out  that  a  multitude  of  distinct  types 
must  have  been  created  in  the  beginning,  and  must  have  remained  pure 
and  uncorrupted  to  this  day. 

Relying  on  this  general  law,  he  endeavours  to  solve  each  difficult  pro- 
blem by  direct  experiment,  until  he  is  again  astounded  by  the  pheno- 
menon of  a  prolific  hybrid,  and  still  more  by  an  example  of  a  hybrid 
perpetuating  itself  throughout  several  generations  in  the  vegetable  world. 
He  then  feels  himself  reduced  to  the  dilemma  of  choosing  between  two 


*  GrenuB  omne  est  naturale,  inprimordio  tale  creatam,  &c.  Phil.  Bot.  §  159.  See 
akK>  Ibid.  §  162. 


CLn.]  FERMANENCE  OF  SPECIFIC  CHARACTER.  496 

alternatives;  either  to  reject  the  test,  or  to  declare  that  the  two  species, 
from  the  union  of  which  the  fruitful  progeny  has  sprung,  were  mere 
Tarieties.  If  he  prefer  the  latter,  he  is  compelled  to  question  ihe  reality 
of  the  distinctness  of  all  other  supposed  species  which  differ  no  more 
than  the  parents  of  such  prolific  hybrids :  for,  although  he  may  not  be 
enabled  immediately  to  procure,  in  all  such  instances,  a  fruitful  offspring ; 
yet  experiments  show,  that  after  repeated  failures,  the  union  of  two  recog- 
nised species  may  at  last,  under  very  favourable  circumstances,  give  birth 
to  a  fertile  progeny.  Such  circumstances,  therefore,  the  naturalist  may 
conceive  to  have  occurred  again  and  again,  in  the  course  of  a  great  lapse 
of  ages. 

Uis  first  opinions  are  now  fairly  unsettled,  and  every  stay  at  which  he 
has  caught  has  given  way  one  after  another ;  he  is  in  danger  of  falling 
into  any  new  and  visionary  doctrine  which  may  be  presented  to  him  ;  for 
he  now  regards  every  part  of  the  animate  creation  as.  void  of  stability,  and 
in  a  state  of  continual  flux.  In  this  mood  he  encounters  the  Geologist, 
who  relates  to  him  how  there  have  been  endless  vicissitudes  in  the  shape 
and  structure  of  organic  beings  in  former  ages — how  the  approach  to  the 
present  system  of  things  has  been  gradual — that  there  has  been  a  pro- 
gressive development  of  organization  subservient  to  the  purposes  of  life, 
from  the  most  simple  to  the  most  complex  state— -that  the  appearance  of 
man  is  the  last  phenomenon  in  a  long  succession  of  events ;  and  finally, 
that  a  series  of  physical  revolutions  can  be  traced  in  the  inorganic  world, 
coeval  and  coextensive  with  those  of  organic  nature. 

These  views  seem  immediately  to  confirm  all  his  preconceived  doubts 
as  to  the  stability  of  the  specific  character,  and  he  begins  to  think  there 
may  exist  an  inseparable  connexion  between  a  series  of  changes  in  the 
inanimate  world,  and  the  capability  of  the  species  to  be  indefinitely  modi- 
fied by  the  influence  of  external  circumstances.  Henceforth  his  specula- 
tions know  no  definite  bounds ;  he  gives  the  rein  to  conjecture,  and  fancies 
that  the  outward  form,  internal  structure,  instinctive  faculties,  nay,  that 
feason  itself  may  have  been  gradually  developed  from  some  of  the  sim- 
plest states  of  existence — that  all  animals,  that  man  himself,  and  the  irra- 
tional beings,  may  have  had  one  common  origin  ;  that  all  may  be  parts  of 
one  continuous  and  progressive  scheme  of  development,  from  the  most 
imperfect  to  tlie  more  complex;  in  fine,  he  renounces  his  belief  in  the 
high  genealogy  of  his  species,  and  looks  forward,  as  if  in  compensation, 
to  the  future  perfectibility  of  man  in  his  physical,  intellectual,  and  moral 
attributes. 

Let  us  now  proceed  to  consider  what  is  defective  in  evidence,  and  what 
fallacious  in  reasoning,  in  the  grounds  of  these  strange  conclusions.  Blu- 
menbach  judiciously  observes,  that  ''no  general  rule  can  be  laid  down  for 
determining  the  distinctness  of  species,  as  there  is  no  particular  class  of 
characters  which  can  serve  as  a  criterion.    In  each  case  we  mast  be 
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guidfld  by  analogy  and  probability.**  The  mnltitodey  in  fact,  and  com- 
plexity of  the  proofs  to  be  weighed,  is  so  great,  that  we  can  only  hope  to 
obtain  presumptive  evidence,  and  we  must,  therefore,  be  the  more  careful 
to  derive  our  general  views  as  much  as  possible  from  those  observations 
where  the  chances  of  deception  are  least.  We  must  be  on  our  guard  not 
to  tread  in  the  footsteps  of  the  naturalists  of  the  middle  ages,  who  believed 
the  doctrine  of  spontaneous  generation  to  be  applicable  to  all  those  parts 
of  the  animal  and  vegetable  kingdoms  which  they  least  understood,  in 
direct  contradiction  to  the  analogy  of  all  the  parts  best  known  to  them ; 
and  who,  when  at  length  they  found  that  insects  and  cr3rptogamou8  plants 
were  also  propagated  from  eggs  or  seeds,  still  persisted  in  retaining  their 
old  prejudices  respecting  the  infusory  animalcules  and  other  minute 
beings,  the  generation  of  which  had  not  then  been  demonstrated  by  the 
microscope  to  be  governed  by  the  same  laws. 

Lamarck  has,  indeed,  attempted  to  raise  an  argument  in  favour  of  his 
system,  out  of  the  very  confusion  which  has  arisen  in  the  study  of  some 
orders  of  animals  and  plants,  in  consequence  of  the  slight  shades  of  dif- 
ference which  separate  the  new  species  discovered  within  the  last  half 
century.  That  the  embarrassment  of  those  who  attempt  to  classify  and 
distinguish  the  new  acquisitions,  poured  in  such  multitudes  into  onr  mn- 
seums,  should  increase  with  the  augmentation  of  their  number,  is  quite 
natural ;  since  to  obviate  this  it  is  not  enough  that  our  powers  of  discrimi- 
nation should  keep  pace  with  the  increase  of  the  objects,  but  we  ought  to 
possess  greater  opportunities  of  studying  each  animal  and  plant  in  all 
stages  of  its  growth,  and  to  know  profoundly  their  history,  their  habits, 
and  physiological  characters,  throughout  several  generations;  for,  in 
proportion  as  the  series  of  known  animals  grows  more  complete,  none  can 
doubt  that  there  is  a  nearer  approximation  to  a  graduated  scale  of  being; 
and  thus  the  most  closely  allied  species  will  be  found  to  possess  a  greater 
number  of  characters  in  common. 

Ckmses  of  the  difficulty  of  discriminating  species, — But,  in  point  of 
fact,  our  new  acquisitions  consist,  more  and  more  as  we  advance,  of  speci- 
mens brought  from  foreign  and  often  very  distant  and  barbarous  countries. 
A  large  proportion  have  never  even  been  seen  alive  by  scientific  inquirers. 
Instead  of  having  specimens  of  the  young,  the  adult,  and  the  aged  indi- 
viduals of  each  sex,  and  possessing  means  of  investigating  the  anatomical 
structure,  the  peculiar  habits,  and  instincts  of  each,  what  is  usually  the 
state  of  our  information  ?  A  single  specimen,  perhaps,  of  a  dried  plant, 
or  a  stuffed  bird  or  quadruped  ;  a  shell,  without  the  soft  parts  of  the  ani- 
mal; an  insect  in  one  stage  of  its  numerous  transformations ;— these  are 
the  scanty  and  imperfect  data  which  the  naturalist  possesses.  Such 
information  may  enable  us  to  separate  species  which  stand  at  a  considera- 
ble distance  from  each  other ;  but  we  have  no  right  to  expect  any  thing 
but  difficulty  and  ambiguity,  if  we  attempt,  from  such  imperfect  opp^NTtiir 
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nities,  to  obtain  distinctive  marks  for  defining  the  characters  of  species 
which  are  closely  related. 

If  Lamarck  could  introduce  so  much  certainty  and  precision  into  the 
classification  of  several  thf^sand  species  of  recent  and  fossil  shells,  not- 
withstanding the  extreme  remoteness  of  the  organization  of  these  animals 
from  the  type  of  those  vertebratcd  species  which  are  best  known*  and  in 
the  absence  of  so  many  of  the  living  inhabitants  of  shells,  we  are  led  to 
form  an  exalted  conception  of  the  degree  of  exactness  to*  which  specific 
distinctions  are  capable  of  being  carried,  rather  than  to  call  in  question 
their  reality. 

When  our  -data  are  so  defective,  the  most  acute  naturalist  must  expect 
lo  be  sometimes  at  fault,  and,  like  the  novice,  to  overlook  essential  points 
of  difference,  passing  unconsciously  from  one  species  to  another,  until, 
like  one  who  is  borne  along  in  a  current,  he  is  astonished,  on  looking^ 
back,  at  observing  that  he  has  reached  a  point  so  remote  from  that  whence 
he  set  out. 

It  is  by  no  means  improbable,  that,  when  the  series  of  species  of  cer- 
tain genera  is  very  full,  they  may  be  found  to  differ  less  widely  from  each 
other  than  do  the  mere  varieties  or  races  of  certain  species.  If  such  a 
fact  could  be  established,  it  would,  undoubtedly,  diminish  the  chance  of 
our  obtaining  certainty  in  our  results ;  but  it  would  by  no  means  over- 
throw our  confidence  in  the  reality  of  species. 

Same  mere  varieties  possibly  more  distinct  than  certain  individuals  of 
distinct  species. — It  is  almost  necessary,  indeed,  to  suppose  that  varieties 
will  differ  in  some  cases  more  decidedly  than  some  species,  if  we  admit 
that  there  is  a  graduated  scale  of  being,  and  assume  that  the  following 
laws  pi;evail  in  the  economy  of  the  animate  creation  :—*first,  that  the 
organization  of  individuals  is  capable  of  being  modified  to  a  limited  extent 
by  the  force  of  external  causes ;  secondly,  that  these  modifications  are,  to 
a  certain  extent,  transmissible  to  their  ofi^spring;  thicdly,  that  there  are 
fixed  limits,  beyond  which  the  descendants  from  common  parents  can 
never  deviate  from  a  certain  type ;  fourtlily,  that  each  species  springs 
from  one  original  stock,. and  can  never  be  permanently  confounded  by 
intermixing  with  the  progeny  of  any  other  stock;  fifthly,  that  each 
species  shall  endure  for  a  considerable  period  of  time.  Now,  let  us 
assume,  for  the  present,  these  roles  hypothetically,  and  see  what  conse* 
quences  may  naturally  be  expected  to  result  from  them. 

We  must  suppose  that  when  the  Author  of  Nature  creates  an  animal  or 
plant,  all  the  possible  circumstances  in  which  its  descendants  are  destined 
to  live  are  foreseen,  and  that  an  organization  is  conferred  upon  it  which 
will  enable  the  species  to  perpetuate  itself,  and  survive  under  all  the  vary- 
ing circumstances  to  which  it  must  be  inevitably  exposed.  Now,  the 
range  of  variation  of  circumstances  will  differ  essentially  in  almost  every 
case.  Let  us  take,  for  example,  any  one  of  the  most  influential  condi'* 
Vol.  I.— 3  N 
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lions  ^  existence,  each  as  teroperatare.  In  some  extensive  districts  ncsr  * 
the  equator,  the  thermometer  might  never  vary,  throoghoui  scTcrsl  thou* 
sand  ceDturies,  for  more  than  20^  Fahrenheit ;  no  that  if  a  plant  or  ani- 
mal be  provided  with  an  organization  fitting  U  lo  endure  such  a  range,  it 
may  continue  on  the  globe  for  that  immense  period,  although  every  indi« 
vidual  might  be  liable  at  once  to  be  cut  off  by  the  least  possible  excess  of 
heal  or  cold  beyond  the  determinate  degree.  But  if  a  species  be  placed 
in  one  of  the  temperate  zones,  and  have  a  constitution  conferred  on  il 
capable  of  supporting  a  similar  range  of  temperature  only,  il  will  inevita- 
bly perish  before  a  single  year  has  passed  away. 

Humboldt  has  shown  that,  at  Cumana,  within  the  tropics,  there  is  a 
difference  of  only  four  degrees  (Fuhr.)  between  the  temperalure  of  lite 
warmest  and  coldest  months ;  whereas  at  Quebec  and  Pekin,  in  ihe  tem- 
perate zones,  the  annual  variation  amounts  to  about  60°. 

The  same  remark  might  be  applied  to  any  other  conditions  as  food,  for 
example ;  it  may  be  foreseen  that  the  supply  will  be  regular  throoghoui 
indefinite  periods  in  one  part  of  the  world,  and  in  another  very  precarious 
and  fluctating  both  in  kind  and  quantity.  Different  qualifications  may  be 
required  for  enabling  species  to  live  for  a  considerable  time  under  circum- 
stances so  changeable.  If,  then,  temperature  and  food  be  among  those 
external  causes  which,  according  to  certain  laws  of  animal  and  vegetable 
physiology,  modify  the  organization,  form,  or  faculties,  of  individuals, 
we  instantly  perceive  that  the  degrees  of  variability  from  a  common 
standard  must  differ  widely  in  the  two  cases  above  supposed ;  since  there 
is  a  necessity  of  accommodating  a  S|)ecie8  in  one  case  to  a  much  greater 
latitude  of  circumstances  than  in  the  other. 

If  it  be  a  law,  for  instance,  that  scanty  sustenance  should  check  those 
individuals  in  their  growth  which  are  enabled  to  accommodate  themselves 
to  privations  of  this  kind,  and  that  a  parent,  prevented  in  this  manner 
from  attaining  the  size  proper  to  its  species,  should  produce  a  dwarfish 
offspring,  a  stunted  race  will  arise,  as  is  remarkably  exemplified  in  some 
varieties  of  the  horse  and  dog.  The  difierence  of  stature  in  some  races 
of  dogs,  when  compared  to  others,  is  as  one  to  five  in  linear  dimensions, 
making  a  difference  of  a  hundred-fold  in  volume.*  Now,  there  is  good 
reason  to  believe  that  species  in  genera]  are  by  no  means  susceptible  of 
existing  under  a  diversity  of  circumstances,  which  may  give  rise  to  such 
a  disparity  in  size,  and,  consequently,  there  will  be  a  multitude  of  distinct 
species,  of  which  no  two  adult  individuals  can  ever  depart  so  widely  from 
a  certain  standard  of  dimensions  as  the  mere  varieties  of  certain  other 
species— the  dog,  (or  instance.  Now,  we  have  only  to  suppose  that 
what  is  true  of  size,  may  also  hold  in  regard  to  colour  and  many  other 
attributes;  and  it  will  at  once  follow,  that  the  degree  of  possible  disooid- 

*  Cuvier,  Disc.  Prelim.,  p.  126,  sixth  edilioiu 
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ance  between  varieties  of  the  same  species  may,  in  certain  cases,  exceed 
the  utmost  disparity  which  can  arise  between  two  individuals  of  man^ 
distinct  species. 

The  same  remarks  may  hold  true  in  regard  to  instincts ;  for,  if  it  be 
foreseen  tliat  one  species  will  have  to  encounter  a  great  variety  of  fo^s, 
it  may  be  necessary  to  arm  it  with  great  cunning  and  circumspection,  or 
with  courage  or  other  qualities  capable  of  developing  themselves  on  cer- 
tain occasions ;  such,  for  example,  as  those  migratory  instincts  which 
are  so  remarkably  exhibited  at  particular  periods,  after  they  have  remained 
dormant  for  many  generations.  The  history  and  habits  of  one  variety  of 
8uch  a  species  may  often  differ  more  considerably  from  some  other  thaii 
those  of  many  distinct  species  which  have  no  such  latitude  of  accommo- 
dation to  circumstances. 

Extent  of  knotvn  variability  in  species, — Lamarck  has  somewhat 
misstated  the  idea  commonly  entertained  of  a  species ;  for  it  is  not  true 
that  naturalists  in  general  assume  that  the  organization  of  an  animal  or 
plant  remains  absolutely  constant,  and  that  it  can  never  vary  in  aiiy  of  \%k 
parts.*  All  must  be  aware  that  circumstances  influence  the  habits,  and 
that  the  habits  may  alter  the  state  of  the  parts  and  organs ;  but  the  dif- 
ference of  opinion  relates  to  the  extent  to  which  these  modifications  of 
the  habits  and  organs  of  a  particular  species  may  be  carried. 

Now,  let  us  first  inquire  what  positive  facts  can  be  adduced  in  tM 
history  of  known  species,  to  establish  a  great  and  permanent  amount  6f 
change  in  the  form,  structure,  or  instinct  of  individuals  descending  froin 
Some  common  stock.  The  best  authenticated  examples  of  tlie  extent  to 
which  species  can  be  made  to  vary  may  be  looked  for  in  the  history  of 
domesticated  animals  and  cultivated  plants.  It  usually  happens,  that 
those  species,  both  of  the  animal  and  vegetable  kingdom,  which  have  the 
greatest  pliability  of  organization,  those  which  are  most  capable  of  accom* 
modating  themselves  to  a  great  variety  of  new  circumstances,  are  moirt 
serviceable  to  man.  These  only  can  be  carried  by  him  into  diflferent 
climates,  and  can  have  their  properties  or  instincts  variously  diversified 
by  differences  of  nourishment  and  habits.  If  the  resources  of  a  species 
be  so  limited,  and  its  habits  and  faculties  be  of  such  a  confined  and  local 
character,  that  it  can  only  flourish  in  a  few  particular  spots,  it  can  rarely 
be  of  great  utility. 

We  may  consider,  therefore,  that,  in  the  domestication  of  animals  and 
the  cultivation  of  plants,  mankind  have  first  selected  those  species  whicH 
have  the  most  flexible  frames  and  constitutions,  and  have  then  been 
engaged  for  ages  in  conducting  a  series  of  experiments,  with  macK 
patience  and  at  great  cost,  to  ascertain  what  may  be  the  greatest  possible 
deviation  from  a  common  type  which  can  be  elicited  in  these  extreme  cases. 

•  Pliil.  Zool.,  torn,  i  p.  M6. 
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Varieties  of  the  dog— no  transmutation. — The  modifications  produced 
in  the  different  races  of  dogs  exhibit  the  influence  of  man  in  the  most 
striking  point  of  view.  These  animals  have  been  transported  into  every 
climate,  and  placed  in  every  variety  of  circumstances ;  they  liave  been 
made,  as  a  modern  naturalist  observes,  the  servant,  the  companion,  the 
guardian,  and  the  intimate  friend  of  man,  and  the  power  of  a  superior 
genius  has  had  a  wonderful  influence,  not  only  on  their  forms,  but  on 
their  manners  and  intelligence.*  Diflferent  races  have  undergone  remark- 
able changes  in  the  quantity  and  colour  of  their  clothing ;  the  dogs  of 
Guinea  are  almost  naked,  while  those  of  the  arctic  circle  are  covered 
with  a  warm  coat  both  of  hair  and  wool,  which  enables  them  to  bear  the 
most  intense  cold  without  inconvenience*  There  are  diflferences  also  of 
another  kind  no  less  remarkable,  as  in  size,  the  length  of  their  muzzles, 
and  the  convexity  of  their  foreheads. 

But,  if  we  look  for  some  of  those  essential  changes  which  would  be 
required  to  lend  even  the  semblance  of  a  foundation  for  the  theory  of 
Lamarck,  respecting  the  growth  of  new  organs  and  the  gradual  oblitera- 
tion of  others,  we  find  nothing  of  the  kind.  For,  in  all  these  varieties  of 
the  dog,  says  Cuvier,  the  relation  of  the  bones  with  each  other  remains 
essentialiy  the  same ;  the  form  of  the  teeth  never  changes  in  any  percep- 
tible degree,  except  that,  in  some  individuals,  one  additional  false  grinder 
occasionally  appears,  sometimes  on  the  one  side,  and  sometimes  on  the 
other.t  The  greatest  departure  from  a  common  type — and  it  constitutes 
the  maximum  of  variation  as  yet  known  in  the  animal  kingdom — is  exem- 
plified in  those  races  of  dogs  which  have  a  supernumerary  toe  on  the  hind 
foot  with  the  corresponding  tarsal  bones;  a  variety  analogous  to  one 
presented  by  six-fingered  families  of  the  human  race.| 

Lamarck  has  thrown  out  as  a  conjecture,  that  the  wolf  may  have  been 
the  original  of  the  dog ;  but  he  has  adduced  no  data  to  bear  out  such  an 
hypothesis.  "  The  wolf,"  observes  Dr.  Prichard,  *•  and  the  dog  diflfer, 
not  only  with  respect  to  their  habits  and  instincts,  which  in  the  brute 
creation  are  very  uniform  within  the  limits  of  one  species,  but  some 
difiierences  have  also  been  pointed  out  in  their  internal  organization, 
particularly  in  the  structure  of  a  part  of  the  intestinal  canal.§ 

Domestic  animals  in  South  America  have  reverted  to  their  original 
character. — It  is  well  known  that  the  horse,  the  ox,  the  boar,  and  otlier 
domestic  animals,  which  have  been  introduced  into  South  America,  and 
have  run  wild  in  many  parts,  have  entirely  lost  all  marks  of  domesticity, 
and  have  reverted  to  the  original  characters  of  their  species.  But  dogs 
have  also  become  wild  in  Cuba,  Hayti,  and  in  all  the  Caribbean  islands. 


*  Dareau  de  la  Malle,  Ann.  dee  Sci.  Nat.,  torn.  zzi.  p.  63.  Sept.  1890. 

t  DiK.  ?ril,  p.  129,  sixth  edition.  t  Ibid. 

§  Prichard,  Phys.  Hist  of  Mankind,  vol.  i.  p.  96,  who  cites  FrofiMSor  Giildenstidt 
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In  the  course  of  the  seTenteenth  centnry,  they  hnnted  in  packs  from 
twelve  to  fifty,  or  more,  in  number,  and  fearlessly  attacked  herds  of  wild 
boars  and  other  animals.  It  is  natural,  therefore,  to  inquire  to  what 
form  they  reverted  1  Now,  they  are  said  by  many  travellers  to  have 
resembled  very  nearly  the  shepherd's  dog ;  but  it  is  certain  that  they 
were  never  turned  into  wolves.  They  were  extremely  savage,  and  their 
ravages  appear  to  have  been  as  much  dreaded  as  those  of  wolves ;  but 
when  any  of  their  whelps  were  caught,  and  brought  from  the  woods  to  the 
towns,  they  grew  up  in  the  most  perfect  submission  to  man. 

Mummiea  of  animals  in  JSgyptian  tombs  identical  with  species  still 
living.'-^ki  the  advocates  of  the  theory  of  transmutation  trust  much  to 
the  slow  and  insensible  changes  which  time  may  work,  they  are  accustomed 
to  lament  the  absence  of  accurate  descriptions,  and  figures  of  particular 
animals  and  plants,  handed  down  from  the  earliest  periods  of  history,  such 
as  might  have  afforded  data  for  comparing  the  condition  of  species,  at 
two  periods  considerably  remote.  But,  fortunately,  we  are  in  some  mea* 
sure  independent  of  such  evidence  ;  for,  by  a  singular  accident,  the  priests 
of  Egypt  have  bequeathed  to  us,  in  their  cemeteries,  that  information 
which  the  museums  and  works  of  the  Greek  philosophers  have  failed  to 
transmit. 

For  the  careful  investigation  of  these  documents,  we  are  greatly  indebted 
to  the  skill  and  diligence  of  those  naturalists  who  accompanied  the  French 
armies  during  theirbrief  occupation  of  Egypt:  that  conquest  of  four  years, 
from  which  we  may  date  the  improvement  of  the  modern  Egyptians  in 
the  arts  and  sciences,  and  the  rapid  progress  which  has  been  made  of  late 
in  our  knowledge  of  the  arts  and  sciences  of  their  remote  predecessors. 
Instead  of  wasting  their  whole  time,  as  so  many  preceding  travellers  had 
done,  in  exclusively  collecting  human  mummies,  M.  GeofTroy  and  his 
associates  examined  diligently,  and  sent  liome  great  numbers  of  embalmed 
bodies  of  consecrated  animals,  such  as  the  bull,  the  dog,  the  cat,  the  ape, 
the  ichneumon,  the  crocodile,  and  the  ibis. 

To  those  who  have  never  been  accustomed  to  connect  the  facts  of 
Natural  History  with  philosophical  speculations,  who  have  never  raised 
their  conceptions  of  the  end  and  import  of  such  studies  beyond  the  mere 
admiration  of  isolated  and  beautiful  objects,  or  the  exertion  of  skill  in  de- 
tecting specific  differences,  it  will  seem  incredible  that  amidst  the  din  of 
arms,  and  the  stirring  excitement  of  political  movements,  so  much  enthu- 
siasm could  have  been  felt  in  regard  to  these  precious  remains. 

In  the  official  report,  drawn  up  by  the  Professors  of  the  Museum  mt 
Paris,  on  the  value  of  these  objects,  there  are  some  eloquent  passages, 
which  may  appear  extravagant,  unless  we  reflect  how  fully  these  natural- 
ists could  appreciate  the  bearing  of  the  facts  thus  brought  to  light  on  the 
past  history  of  the  globe. 

"  It  seems,"  say  they,  '*  as  if  the  superstition  of  the  ancient  Egyptians 
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had  been  inspired  by  Nature,  with  a  view  of  transmitting  to  after  ages  a 
monument  of  her  history.  That  extraordinary  and  whimsical  people,  by 
embalming  with  so  much  care  the  brutes  which  were  the  objects  of  their 
stupid  adoration,  have  left  us,  in  their  sacred  grottos,  cabinets  of  zoology 
almost  complete.  The  climate  has  conspired  with  the  art  of  embalming 
to  preserve  the  bodies  from  corruption,  and  we  can  now  assure  ourselves 
by  our  own  eyes  what  was  the  state  of  a  great  number  of  species  three 
thousand  years  ago.  We  can  scarcely  restrain  the  transports  of  our 
imagination,  on  beholding  thus  preserved,  with  their  minutest  bones,  with 
the  smallest  portions  of  their  skin,  and  in  every  particular  most  perfecdy 
recognisable,  many  an  animal,  which  at  Thebes  or  Memphis,  two  or  three 
thousand  years  ago,  had  its  own  priests  and  altars."* 

Among  the  Egyptian  mummies  thus  procured  were  not  only  those 
of  numerous  wild  quadrupeds,  birds,  and  reptiles,  but,  what  was  perhaps 
of  still  higher  importance  in  deciding  the  great  question  under  discussion, 
there  were  the  mummies  of  domestic  animals,  among  which  those  above 
mentioned,  the  bull,  the  dog,  and  the  cat,  were  frequent.  Now,  such 
was  the  conformity  of  the  whole  of  these  species  to  those  now  living,  tliat 
there  was  no  more  difference,  says  Cuvier,  between  them  than  between  tlie 
human  mummies  and  the  embalmed  bodies  of  men  of  the  present  day. 
Yet  some  of  these  animals  have  since  that  period  been  transported  by  man 
to  almost  every  climate,  antl  forced  to  accommodate  their  habits  to  the 
greatest  variety  of  circumstances.  The  cat,  for  example,  has  been  carried 
over  the  whole  earth,  and,  within  the  last  three  centuries,  hns  been  natural- 
ized in  every  part  of  the  new  world — from  the  cold  regions  of  Canada  to 
the  tropical  plains  of  Guiana;  yet  it  has  scarcely  undergone  any  perceptible 
mutation,  and  is  still  the  same  animal  which  was  held  sacred  by  the 
Egyptians. 

Of  the  ox,  undoubtedly,  there  are  many  very  distinct  races  :  but  the  hull 
Apis,  which  was  led  in  solemn  processions  by  the  Egyptian  priests,  did 
not  differ  from  some  of  those  now  living.  The  black  cattle  that  have  run 
wild  in  America,  where  there  were  many  peculiarities  in  the  climate  not 
to  be  found,  perhaps,  in  any  pan  of  the  old  world,  and  where  scarcely  a 
single  plant  on  which  they  fed  was  of  precisely  the  same  species,  instead 
of  ultering  their  form  and  habits,  have  actually  reverted  to  the  exact  like- 
ness of  the  aboriginal  wild  cattle  of  Europe. 

In  answer  to  the  arguments  drawn  from  the  Egyptian  mummies,  Lamarck 
said  that  they  were  identical  with  their  living  descendants  in  the  same 
eountryi  because  the  climate  and  physical  geography  of  the  banks  of  the 
Nile  have  remained  unaltered  for  tlie  last  thirty  centuries.  But  why,  it 
may  be  asked,  have  other  individuals  of  these  species  retained  the  same 

*  Ann.  da  Museum  d*HisL  All^J||||^^|HHHiPL  *^  vsportan  wert 
MM.  Cuvier,  Lac^pMe,  and 


Ch.  II.]  CHANGES  IN  PLANTS.  508 

characters  in  so  many  different  quarters  of  the  globe,  where  the  climate 
and  many  other  conditions  are  so  varied  ? 

Seeds  and  plants  from  the  Egyptian  tombs, — The  evidence  derived 
from  the  Egyptian  monuments  was  not  confined  to  the  animal  kingdom  ; 
the  fruits,  seeds,  and  other  portions  of  twenty  different  plants,  were  faith- 
fally  preserved  in  the  same  manner  ;  and  among  these  the  common  wheat 
was  procured  by  Delille,  from  closed  vessels  in  the  sepulchres  of  the  kings, 
the  grains  of  which  retained  not  only  their  form,  but  even  their  colour  ; 
•o  eflectual  has  proved  the  process  of  embalming  with  bitumen  in  a  dry 
and  equable  climate.  No  difference  could  be  detected  between  this  wheat 
and  that  which  now  grows  in  the  East  and  elsewhere,  and  similar  identi- 
fications were  made  in  regard  to  all  the  other  plants. 

Native  country  of  the  common  wheat, — And  here  I  may  observe,  that 
there  is  an  obvious  answer  to  Lamarck's  objection,  that  the  botanist  can- 
not point  out  a  country  where  the  common  wheat  grows  wild,  unless  in 
places  where  it  may  have  been  derived  from  neighbouring  cultivation.* 
All  naturalists  are  well  aware  that  the  geograpliical  distribation  of  a  great 
number  of  species  is  extremely  limited  ;  that  il  was  to  be  expected  that 
every  useful  plant  should  first  be  cultivated  successfully  in  the  country 
where  it  was  indigenous ;  and  that,  probably,  every  station  which  it 
partially  occupied,  when  growing  wild,  would  be  selected  by  the  agricul- 
turist as  best  suited  to.  it  when  artificially  increased.  Palestine  has  been 
conjectured,  by  a  late  writer  on  the  Cerealia,  to  have  been  the  original 
habitation  of  wheat  and  barley  ;  a  supposition  which  appears  confirmed 
by  Hebrew  and  Egyptian  traditions,  and  by  tracing  the  migrations  of  the 
worship  of  Ceres,  as  indicative  of  the  migrations  of  the  plant.t 

If  we  are  to  infer  that  some  one  of  the  wild  grasses  has  been  transformed 
into  the  common  wheat,  and  that  some  animal  of  the  genus  canis^  still 
unreclaimed,  has  been  metamorphosed  into  the  dog,  merely  because  we 
cannot  find  the  domestic  dog  or  the  cultivated  wheat,  in  a  state  of  nature, 
we  may  be  next  called  upon  to  make  similar  admissions  in  regard  to  the 
camel ;  for  it  seems  very  doubtful  whether  any  race  of  this  species  of 
quadruped  is  now  wild. 

Changes  in  plants  produced  by  cultivation. — But  if  agriculture,  it  will 
be  said,  does  not  supply  examples  of  extraordinary  changes  of  form  and 
organization,  the  horticulturist  can,  at  least,  appeal  to  facts  which  may 
confound  the  preceding  train  of  reasoning.  The  crab  has  been  trans- 
formed into  the  apple  ;  the  sloe  into  the  plum  :  flowere  have  changed  their 
colour,  and  become  double ;  and  these  new  characters  can  be  perpetuated 
by  seed :  a  bitter  plant,  with  wavy  sea-green  leaves,  has  been  taken  from 
the  s^a-side,  where  it  grew  like  wild  charlock — has  been  transplanted 

•  PhU.  Zool.,  torn.  i.  p.  227. 

t  L'Origine  et  la  Patrie  des  C^r^et,  &c.,  Ann.  des  Sci.  Nat,  torn.  ix.  p.  61. 
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into  the  garden,  lost  its  saltness,  and  has  been  metamorphosed  into  two 
distinct  vegetables,  as  unlike  each  other  as  is  each  to  the  parent  plant — the 
red  cabbage  and  the  cauliflower.  These,  and  a  multitude  of  analogont' 
facts,  are  undoubtedly  among  the  wonders  of  nature,  and  attest  more 
strongly,  perhaps,  the  extent  to  which  species  may  be  modified,  than  any 
examples  derived  from  the  animal  kingdom.  But  in  these  cases  we  find 
that  we  soon  reach  certain  limits,  beyond  which  we  are  unable  to  cause 
the  individuals  descending  from  the  same  stock  to  vary ;  while,  on  the 
other  hand,  it  is  easy  to  show  that  these  extraordinary  varieties  could 
seldom  arise,  and  could  never  be  perpetuated  in  a  wild  state  for  many 
generations,  under  any  imaginable  combination  of  accidents.  They  may 
be  regarded  as  extreme  cases,  brought  about  by  human  interference,  and 
not  as  phenomena  which  indicate  a  capability  of  indefinite  modification  in 
the  natural  world. 

The  propagation  of  a  plant  by  buds  or  grafts,  and  by  cuttings,  is  obvi- 
ously a  mode  which  nature  does  not  employ  ;  and  this  multiplication,  as 
well  as  that  produced  by  roots  and  layers,  seems  merely  to  operate  as  an 
extension  of  the  life  of  an  individual,  and  not  as  a  reproduction  of  the 
species  such  as  happens  by  seed.  All  plants  increased  bygraHs  or  layers 
retain  precisely  the  peculiar  qualities  of  the  individual  to  which  they  owe 
their  origin,  and,  like  an  individual,  they  have  only  a  determinate  exist- 
ence 7  in  some  cases  longer,  and  in  others  shorter.*  It  seems  now  ad- 
mitted by  horticulturists,  that  none  of  our  garden  varieties  of  fruit  are 
entitled  to  be  considered  strictly  permanent,  but  that  they  wear  out  after 
a  time  ;t  and  we  are  thus  compelled  to  resort  again  tOr seeds  :  in  which 
case  there  is  so  decided  a  tendency  in  the  seedlings  to  revert  to  the  original 
type,  that  our  utmost  skill  is  sometimes  baffled  in  attempting  to  recover 
the  desired  variety. 

Varieties  of  the  cabbage. — The  different  races  of  cabbages  afford,  as 
was  admiited,  an  astonishing  example  of  deviation  from  a  common  type; 
but  we  can  scarcely  conceive  them  to  have  originated,  much  less  to  have 
lasted  for  several  generations,  without  the  intervention  of  man.  It  is  only 
by  strong  manures  that  these  varieties  have  been  obtained,  and  in  poorer 
soils  they  instantly  degenerate.  If,  therefore,  we  suppose  in  a  state  of 
nature  the  seed  of  the  wild  Brassica  oleracea  to  have  been  wafted  from 
the  sea-side  to  some  spot  enriched  by  the  dung  of  animals,  and  to  have 
there  become  a  cauliflower,  it  would  soon  diffuse  its  seed  to  some  com- 
paratively sterile  soils  around,  and  the  offspring  would  relapse  to  the 
likeness  of  the  parent  stock. 

But  if  we  go  so  far  as  to  imagine  the  soil,  in  the  spot  first  occupied, 
to  be  constantly  manured  by  herds  of  wild  animals,  so  as  to  continue  as 

*  Smith's  Introduction  to  Botany,  p.  138.    Edit.  1807. 

t  See  Mr.  Knight's  Observations,  Hort.  Trans.,  vol.  ii.  p.  160. 
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rich  as  that  of  a  garden,  still  the  variety  could  not  be  maintained; 
because  we  know  that  each  of  these  races  is  prone  to  fecundate  others, 
iiid  gardeners  are  compelled  to  exert  the  utmost  diligence  to  prevent 
cross-breeds.  The  intermixture  of  the  pollen  of  varieties  growing  in  the 
poorer  soil  around  would  soon  destroy  the  peculiar  characters  of  the  race 
which  occupied  the  highly  manured  tract ;  for,  if  these  accidents  so  con- 
tinually happen,  in  spite  of  our  care,  among  the  culinary  varieties,  it  is 
easy  to  see  how  soon  this  cause  might  obliterate  eVery  marked  singularity 
in  a  wild  state. 

Besides,  it  is  well  known  that,  although  the  pampered  races  which  we 
rear  in  our  gardens  for  use  or  ornament  may  often  be  perpetuated  by  seed, 
yet  they  rarely  produce  seed  in  such  abundance,  or  so  prolific  in  quality, 
as  wild  individuals;  so  that  if  the  care  of  man  were  withdrawn,  the  most 
fertile  variety  would  always,  in  tlie  end,  prevail  over  the  more  sterile. 

Similar  remarks  may  be  applied  to  the  double  flowers,  which  present 
such  strange  anomalies  to  the  botanist.  The  ovarium,  in  such  cases,  is 
frequently  abortive ;  and  the  seeds,  when  prolific,  are  generally  much 
fewer  than  where  the  flowers  are  single. 

Changes  caused  by  soil. — Some  curious  experiments,  recently  made 
on  the  production  of  blue  instead  of  red  flowers  in  the  Hydrangea  hor- 
tensis,  illustrate  the  immediate  effect  of  certain  soils  on  the  colours  of  the 
calyx  and  petals.  In  garden-mould  or  compost,  the  flowers  are  invariably 
red ;  in  some  kinds  of  bog-earth  they  are  blue ;  and  the  same  change  is 
always  produced  by  a  particular  sort  of  yellow  loam. 

Varieties  of  the  primrose, — Linnaeus  was  of  opinion  that  the  primrose, 
oxlip,  cowslip,  and  polyanthus,  were  only  varieties  of  the  same  species. 
The  majority  of  modern  botanists,  on  the  contrary,  consider  them  to  be 
distinct,  although  some  conceived  that  the  oxlip  might  be  a  cross  between 
the  cowslip  and  the  primrose.  Mr.  Herbert  has  lately  recorded  the  fol- 
lowing experiment: — '*I  raised  from  the  natural  seed  of  one  umbel  of  a 
highly  manured  red  cowslip  a  primrose,  a  cowslip,  oxiips  of  the  usual 
and  other  colours,  a  black  polyanthus,  a  hose-in-hose  cowslip,  and  a  natu- 
ral primrose  bearing  its  flower  on  a  polyanthus  stalk.  From  the  seed  of 
that  very  hose-in-hose  cowslip,  I  have  since  raised  a  hose-in-hose  prim- 
rose. I  therefore  consider  all  these  to  be  only  local  varieties,  depending 
upon  soil  and  situation."*  Professor  Henslow,  of  Cambridge,  has  since 
confirmed  this  experiment  of  Mr.  Herbert ;  so  that  we  have  an  example, 
not  only  of  the  remarkable  varieties  which  the  florist  can  obtain  from  a 
common  stock,  but  of  the  distinctness  of  analogous  races  found  in  a  wild 
sUte.t 

On  what  particular  ingredient,  or  quality  in  the  earth,  these  changes 

•  Hort.  Tr&ns.,  v<J.  iv.  p.  19. 

t  Loadon's  Mag.  of  Nat.  Hist.,  Sept.  1830,  vol.  iii.  p  406. 
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Mipimd,  ttttV  ik>t  yet  been  atcertained.*  B«t  guimnen  tre  well  twm 
that  partieulur  lilaiite,  when  placed  ander  the  influence  of  certain  circom- 
ftaneea,  iin  changed  in  varioas  ways*  accdrding  io  the  speeiea ;  ud  ae 
oiVen  at  the  experiments  are  repeated,  similar  results  are  ohtatned.  The 
natnre  of  theie  resolts,  however,  depends  upOii  the  species,  and  they  are^ 
therefore,  part  of  the  specific  character ;  they  exhibit  the  same  pheno- 
mena again  and  again,  ^d  indicate  dsrtain  fixed  and  inrariable  relations 
betwisen  the  physiological  peculiarities  of  the  plant,  and  the  influence  of 
certain  external  agents.  They  aflbrd  no  ground  for  qnestioning  the 
instability  of  species,  but  rather  the  contrary :  they  preaent  ns  with  a 
fclass  of  phenomena  ^hich,  when  they  are  more  thoroughly  understood, 
tnay  aflbrd  some  of  the  best  tests  for  identifying  species,  and  proving 
that  the  attributes  originally  conferred  endure  so  long  as  any  isaae  of  the 
original  stock  remains  upon  the  eairth. 
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WHETHER   SPECIES   IIAVE    A   REAL   EXISTENCE   IN   NATURE COhtinUtd^ 

Tkriability  of  a  species  compared  to  that  of  an  indindnal — Species  soseeptible  of 
modiftcAiion  may  be  altered  greatly  in  a  abort  time,  and  in  a  few  generations^ 
•Aer  which  they  remain  stationary — The  animaUi  now  subject  to  maa  bad  origi- 
nally an  aptitude  to  domesticity — Acquired  peculiarities  which  become  hereditary 
baTe  a  close  connexion  with  the  habits  or  instincts  of  the  species  in  a  wild  state 
(p.  508.) — Some  qualities  in  certain  animals  haTC  been  conferred  with  a  Tiew  of 
their  relation  to  man — Wild  elephant  domesticated  in  a  few  y^ars,  bvt  its  ftenl- 
ti«li  inea^ble  of  Airther  deTelopment  (p.  513.). 

VmriMlity  tf  a  species  compared  io  that  "of  an  individual. — ^I  xkdea- 
nnhiBD,  in  tbe  last  cbapter,  to  show,  that  a  belief  in  the  reality  of  species 
ia  not  inconsistent  with  the  idea  of  a  considerable  degree  of  Tariability  in 
the  specific  character.  This  opinion,  indeed*  is  little  more  than  an 
«xteniion  of  the  idea  which  we  must  entertain  of  the  identity  of  an  indi- 
iridual,  throughout  the  changes  which  it  is  capable  of  undeigoiftg. 

If  a  quadruped,  inhabiting  a  cold  northern  latitude,  and  covered  with 
ft  warm  coat  of  hatr  or  wool,  be  transported  to  a  southern  climate,  it  will 
often,  in  the  course  of  a  few  years,  shed  a  considerable  portion  of  its  coat, 
which  it  gradually  recovers  on  being  again  restored  te  its  native  country. 

*  Hort.  Trans.,  yol.  iii.  p.  17X 
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Eiren  there  the  same  changes  are,  perhaps,  superinduced  to  a  certain 
extent  by  the  return  of  winter  and  eummer.  We  know  tha^  the  Alptnii 
hare,  {^LepuB  variabilis ^  Pal.,)  and  the  ermine,  or  stoat,  {Miutcla 
ermineaf  Linn.,}  become  white  during  winter,  and  again  obtain  their  fuU 
colour  during  the  warmer  season ;  that  the  plum^e  of  fhe  ptarmigan 
undergoes  a  like  metamorphosis  in  colour  and  quantity,  and  th^t  the 
change  is  equally  temporary.  We  are  aware  that,  if  wp  reclaim  son^e 
wild  animal,  and  modify  its  habits  and  instincts  by  domestication,  it  may* 
if  it  escapes,  become  in  a  few  years  nearly  as  wild  and  untrac^iblq  ^ 
e?er ;  and  if  the  same  individual  be  again  retaken,  it  may  be  reduced  to 
its  former  tame  state.  A  plant  is  placed  in  a  prepared  soil,  in  order  thaf 
the  petals  of  i^  flowers  may  multiply,  and  their  colour  be  heightened  o|c 
changed  ;  if  we  then  withhold  our  care,  the  flowers  of  this  safne  indivi* 
dual  become  again  single.  In  these,  and  innumefabie  other  iqstancesy 
we  must  suppose  that  the  individual  was  produced  with  a  certain  numbec 
of  qualities ;  and,  in  the  case  of  animals,  with  a  variety  of  instincts,  soma 
of  which  may  or  may  not  be  developed,  according  to  circumstauces,  ox 
which,  after  having  been  called  forih,  may  again  become  latent  when  tlm 
exciting  causes  are  removed. 

Now,  the  formation  of  races  seems  the  necessary  consequence  of  sufdl 
a  capability  in  individuals  to  vary,  if  it  be  a  general  law  that  the  offspripg 
should  very  closely  resemble  the  parent.  But,  before  we  can  infer  tbijl 
there  are  no  limits  to  the  deviation  from  an  original  type  which  may  b(| 
brought  about  in  the  course  of  an  indefinite  number  of  generations,  «^ 
ought  to  have  some  proof  that,  in  each  successive  generation,  individualif 
may  go  on  acquiring  an  equal  amount  of  new  peculiarities,  under  i)m 
influence  of  equal  changes  of  circumstances.  The  balance  of  evidence, 
however,  inclines  most  decidedly  on  the  opposite  side ;  for  in  all  case^ 
we  find  that  the  quantity  of  divergence  diminishes  from  the  first  in  a  very 
rapid  ratio. 

Species  suscepiiUe  of  modification  may  be  greatfy  altered  |9  a  /f^K 
generations. — It  cannot  be  objected,  that  it  is  out  qf  our  power  to  go  on 
varying  the  circumstances  in  the  same  manner  as  might  happen  if)  th^ 
natural  course  of  events  during  some  great  geological  cycle.  For  in  i|i# 
first  place,  where  a  capacity  is  given  to  individuals  to  adapt  themselves  Uf 
new  circumstances,  it  does  not  generally  require  a  very  long  period  i<)r  its 
development ;  if,  indeed,  such  were  the  case,  it  is  not  easy  to  see  how 
the  modification  would  answer  the  ends  proposed,  for  all  the  individuals 
would  die  before  new  qualities,  habits,  or  instincts  were  conferred. 

When  we  have  succeeded  in  naturalizing  some  tropical  plant  in  a  temr 
perate  climate,  nothing  prevents  us  from  attempting  gradually  to  extend 
its  distribution  to  higher  laiitodes,  or  to  greater  elevations  above  the  level 
of  the  sea,  allowing  equal  quantities  of  time,  or  an  equal  number  of  gene«> 
cations,  for  habituatinf  the  speciaa   to  suceessive  incrtflumtt  of  oold» 
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But  every  husbandman  and  gardener  ts  aware  thai  such  expertments  wHl 
fail ;  and  we  are  more  likely  to  succeed^  in  making  some  plants,  in  the 
connie  of  the  first  two  generations,  support  a  considerable  degree  of  dif- 
ference of  temperature  than  a  very  small  difierepce  afterwards,  though  we 
persevere  for  many  centuries. 

It  is  the  same  if  we  take  any  other  cause  instead  of  temperature  ;  such 
as  the  quality  of  the  food,  or  the  kind  of  dangers  to  which  an  animal  is 
exposed,  or  the  soil  in  which  a  plant  lives.  The  alteration  in  habits, 
form,  or  organization,  is  often  rapid  during  a  short  period ;  but  when  the 
circumstances  are  made  to  vary  further,  though  in  ever  so  slight  a  degree, 
all  modification  ceases,  and  the  individual  perishes.  Thus  some  he^ 
bivorous  quadrupeds  may  be  made  to  feed  partially  on  fish  or  flesh  ;  but 
even  these  can  never  be  taught  to  live  on  some  herbs  which  they  reject, 
and  which  would  even  poison  ihem,  although  the  same  may  be  very 
nutritious  to  other  species  of  the  same  natural  order.  So,  when  man 
uses  force  or  stratagem  against  wild  animals,  the  persecuted  race  soon 
becomes  more  cautious,  watchful,  and  cunning ;  new  instincts  seem  often 
to  be  developed,  and  to  become  hereditary  in  the  first  two  or  three  gene- 
rations: but  let  the  skill  and  address  of  man  increase,  however  gradually, 
no  further  variation  can  take  place,  no  new  qualities  are  elicited  by  the 
increasing  dangers.  The  alteration  of  the  habits  of  the  species  has 
reached  a  point  beyond  which  no  ulterior  modification  is  possible,  how- 
ever indefinite  the  lapse  of  ages  during  which  the  new  circumstances 
operate.  Extirpation  then  follows,  rather  than  such  a  transformation  as 
could  alone  enable  the  species  to  perpetuate  itself  under  the  new  state 
of  things. 

•Animals  now  subject  to  man  had  originally  an  aptitude  to  domes- 
ticity,— It  has  been  well  observed  by  M.  F.  Cuvier  and  M.  Dureau  de  la 
Malle,  that,  unless  some  animals  had  manifested  in  a  wild  state  an  apti- 
tude to  second  the  efTorts  of  man,  their  doroesticaiion  would  never  have 
been  attempted.  If  they  had  all  resembled  the  wolf,  the  fox,  and  the 
hyaena,  the  patience  of  the  experimentalist  would  have  been  exhausted  by 
innumerable  failures  before  he  at  last  succeeded  in  obtaining  some  imper- 
fect results ;  so,  if  the  first  advantages  derived  from  the  cultivation  of 
plants  had  been  elicited  by  as  tedious  and  costly  a  process  as  that  by 
which  we  now  make  some  slight  additional  improvement  in  certain  races, 
we  should  have  remained  to  this  day  in  ignorance  of  the  greater  number 
of  their  useful  qualities. 

Acquired  instincts  of  some  animals  become  hereditary, — It  is  undoubt- 
edly true,  that  many  new  habits  and  qualities  have  not  only  been  acquired 
in  recent  times  by  certain  races  of  dogs,  but  have  been  transmitted  to 
their  offspring.  But  in  these  cases  it  will  be  observed,  that  the  new 
peculiarities  have  an  intimate  relation  to  the  habits  of  the  animal  in  a  wild 
state,  and  therefore  do  not  attest  any  tendency  to  departure  to  an  imlefi- 


Ch.  111.]  ACQUIRED  INSTINCTS  HEREDITARY.  509 

Dite  extent  from  the  orignal  type  of  the  species.  A  race  of  dogs  employed 
for  hunting  deer  in  the  platform  of  Santa  F6,  in  Mexico,  aflbrds  a  beauti- 
ful illustration  of  a  new  hereditary  instinct.  The  mode  of  attack, 
observes  M.  Ronlin,  which  they  employ,  consists  in  seizing  the  animal 
by  the  belly  and  overturning  it  by  a  sudden  effort,  taking  advantage  of 
the  moment  when  the  body  of  the  deer  rests  only  upon  the  fore-legs. 
The  weight  of  the  animal  thus  thrown  over  is  often  six  times  that  of  its 
antagonist.  The  dog  of  pure  breed  inherits  a  disposition  to  this  kind  of 
chase,  and  never  attacks  a  deer  from  before  while  running.  Even  should 
the  deer,  not  perceiving  him,  come  directly  upon  him,  the  dog  steps 
aside  and  makes  his  assault  on  the  flank;  whereas  other  hunting  dogs, 
though  of  superior  strength  and  general  sagacity,  which  are  brought  from 
Europe,  are  destitute  of  this  instinct.  For  want  of  similar  precautions, 
they  are  often  killed  by  the  deer  on  the  spot,  the  vertebrae  of  their  neck 
being  dislocated  by  the  violence  of  the  shock.* 

A  new  instinct  has  also  become  hereditary  in  a  mongrel  race  of  dogs 
employed  by  the  inhabitants  of  the  banks  of  the  Magdalena  almost 
exclusively  in  hunting  the  white-lipped  pecari.  The  address  of  these 
dogs  consists  in  restraining  their  ardour,  and  attaching  themselves  to  no 
animal  in  particular,  but  keeping  the  whole  herd  in  check.  Now,  among 
these  dogs  some  are  found,  which,  the  very  first  time  they  are  taken  to 
the  woods,  are  acquainted  with  this  mode  of  attack ;  whereas,  a  dog 
of  another  breed  starts  forward  at  once,  is  surrounded  by  the  pecari,  and, 
whatever  may  be  his  strength,  is  destroyed  in  a  moment. 

Some  of  our  countrymen,  engaged  of  late  in  conducting  one  of  the 
principal  mining  associations  in  Mexico,  that  of  Real  del  Monte,  carried 
out  with  them  some  English  greyhounds  of  the  best  breed  to  hunt  the 
hares  which  abound  in  that  country.  The  great  platform  which  is  the 
scene  of  sport  is  at  an  elevation  of  about  nine  thousand  feet  above  the 
level  of  the  sea,  and  the  mercury  in  the  barometer  stands  habitually  at  the 
height  of  about  nineteen  inches.  It  was  found  that  the  greyhounds  could 
Dot  support  the  fatigues  of  a  long  chase  in  this  attenuated  atmosphere, 
and  before  they  could  come  up  with  their  prey,  they  lay  down  gasping 
for  breath ;  but  these  same  animals  have  produced  whelps  which  have 
grown  up,  and  are  not  in  the  least  degree  incommoded  by  the  want  of 
density  in  the  air,  but  run  down  tlie  hares  with  as  much  ease  as  the 
fleetest  of  their  race  in  this  country. 

The  fixed  and  deliberate  stand  of  the  pointer  has  with  propriety  been 
regarded  as  a  mere  modification  of  a  habit,  which  may  have  been  useful 
to  a  wild  race  accustomed  to  wind  game,  and  steal  upon  it  by  surprise, 
first  pausing  for  an  instant,  in  order  to  spring  with  unerring  aim.  The 
faculty  of  the  Retriever,  however,  may  justly  be  regarded  as  more  inex- 

*  M.  Ronlin,  Ann«  das  Sci.  Nat ,  torn.  xvi.  p  16.  1889. 
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plicable  and  lesi  easily  referrible  to  the  tnatinctiTe  passiona  of  the  speciea. 
M.  Majendie,  says  a  French  writer  in  a  recendy  published  inenioir« 
having  learnt  that  there  was  a  race  of  dogs  in  England  which  stopped 
and  brought  back  game  of  their  own  accord,  procured  a  pair,  and,  having 
obtained  a  whelp  from  them,  kept  it  constantly  under  his  eyes,  until  he 
had  an  opportunity  of  assuring  himself  that,  without  having  received  any 
instruction,  and  on  the  very  first  day  that  it  was  carried  to  the  chase,  it 
brought  back  game  with  as  much  steadiness  as  dogs  which  had  been 
schooled  into  the  same  manoeuvre  by  means  of  the  whip  and  collar. 

Attributes  of  animals  in  their  relation  to  man, — Such  attainments,  ^as 
well  as  the  habits  and  dispositions  which  the  shepherd's  dog  and  many 
others  inherit,  seem  to  be  of  a  nature  and  extent  which  we  can  hardly 
explain  by  supposing  them  to  be  modifications  of  instincts  necessary  for 
the  preservation  of  the  species  in  a  wild  state.  When  such  remarkable 
habits  appear  in  races  of  this  species,  we  may  reasonably  conjecture  that 
they  were  given  with  no  other  view  than  for  the  use  of  man  and  the  pre- 
servation of  tlie  dog,  which  thus  obtains  protection; 

As  a  general  rule,  I  fully  agree  with  M.  F.  Cuvier,  that,  in  studying 
the  habits  of  animals,  we  must  attempt,  as  far  as  possible,  to  refer  their 
domestic  qualities  to  modifications  of  instincts  which  are  implanted  in 
them  in  a  state  of  nature ;  and  that  writer  has  successfully  pointed  out,  in 
an  admirable  essay  on  the  domestication  of  the  mammalia,  the  true  origin 
of  many  dispositions  which  are  vulgarly  attributed  to  the  influence  of 
education  alone.*  But  we  should  go  too  far  if  we  did  not  admit  that  some 
of  the  qualities  of  particular  animals  and  plants  may  have  been  given 
solely  with  a  view  to  the  connexion  which  it  was  foreseen  would  exist 
between  them  and  man— especially  when  we  see  that  connexion  to  be  in 
many  cases  so  intimate,  that  the  greater  number,  and  sometimes  all  the 
individuals  of  the  species  which  exist  on  the  earth,  are  in  subjection  to  the 
human  race. 

We  can  perceive  in  a  multitude  of  animals,  especially  in  some  of  the 
parasitic  tribes,  that  certain  instincts  and  organs  are  conferred  for  the  pur- 
pose of  defence  or  attack  against  some  other  species.  Now,  if  we  are 
reluctant  to  suppose  the  existence  of  similar  relatiqns  between  man  and 
the  instincts  of  many  of  the  inferior  animals,  we  adopt  an  hypothesis  no 
less  violent,  though  in  the  opposite  extreme  to  that  which  has  led  some 
to  imagine  the  whole  animate  and  inanimate  creation  to  have  been  made 
eolely  for  the  support,  gratification,  and  instruction  of  mankind. 

Many  species,  most  hostile  to  our  persons  or  property,  multiply,  in 
spite  of  our  efforts  to  repress  them ;  others,  on  the  contrary,  are  inten- 
tionally augmented  many  hundred-fold  in  number  by  our  exertions.  In 
such  instances,  we  must  imagine  the  relative  resources  of  man  and  of 

*"  M^m.  du  Mui.  d'Hiit  Nat-Jao^son,  Ed.  Nf  w  Phil.  Joan*.,  Nos.  6, 7, 8. 
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species,  friendly  or  inimicul  to  him,  to  havfe  been  prospectively  calculated 
and  adjusted.  To  withhold  assent  to  this  suppdsiiion,  would  be  to  refuse 
what  we  liiost  grant  in  respect  to  the  economy  of  Nature  in  every  other 
pdrt  of  the  organic  creation;  for  the  various  species  of  contemporary 
plants  and  animals  hav^  obviously  their  relative  forces  nicely  balanced, 
and  their  respective  tastes,  passions,  and  instincts  so  contrived,  that  they 
are  all  in  perfect  harmony  with  each  other.  In  no  other  manner  could  it 
happen  that  each  species,  surrounded,  as  it  is,  by  countless  dangers, 
should  be  enabled  to  maintain  its  ground  for  periods  of  considerable 
duration. 

The  docility  of  the  individuals  of  some  of  our  domestic  species,  extend- 
ing, as  it  does,  to  attainments  foreign  to  their  natural  habits  and  faculties, 
may,  perhaps,  have  been  conferred  with  a  view  to  their  association  with 
man.  But,  lest  species  should  be  thereby  made  to  vary  indefinitely,  we 
find  that  such  habits  are  never  transmissible  by  generation. 

A  pig  has  been  trained  to  hunt  and  point  game  with  great  activity  and 
steadiness  ;*  and  other  learned  individuals,  of  the  same  species,  have  been 
taught  to  spell ;  but  such  fortuitous  acquirements  never  become  heredi- 
tary, for  they  have  no  relation  whatever  to  the  exigencies  of  the  animal 
in  a  wild  state,  and  cannot,  therefore,  be  developments  of  any  instinctive 
propensities. 

Influence  of  domesticatttm. — An  animal  in  domesticity,  says  M.  F. 
Cbvier,  is  not  essentially  in  a  difiereht  situation,  in  regard  to  the  feeling 
of  restraint,  from  one  left  to  itself.  It  lives  in  society  without  constraint, 
because,  without  doubt,  it  was  a  social  animal ;  and  it  conforms  itself  to 
the  will  of  man,  because  it  had  a  chief,  to  which,  in  a  wild  state,  it  would 
have  yielded  obedience.  There  is  nothing  in  its  new  situation  that  is  not 
conformable  to  its  propensities ;  it  is  satisfying  its  wants  by  submission 
to  a  master,  and  makes  no  sacrifice  of  its  natural  inclinations.  All  the 
social  animals,  when  left  to  themselves,  form  herds  more  or  less  nume- 
rous ;  and  all  the  individuals  of  the  same  herd  know  each  other,  are 
mutually  attached,  and  will  not  allow  a  strange  individual  to  join  them. 
In  a  wild  state,  moreover,  they  obey  some  individual,  which,  by  its 
superiority,  has  become  the  chief  of  the  herd.  Our  domestic  species  had, 
originally,  this  sociability  of  disposition;  and  no  solitary  species,  how- 
ever easy  it  may  be  to  tame  ity  has  yet  afforded  true  domestic  races.  We 
merely,  therefoi'e,  develope,  to  our  own  advafitage,  propensities  which 
propel  the  individuals  of  certain  species  to  draw  near  to  their  fellows. 

The  shteep  which  we  have  re^ed  is  ihdiieed  to  follow  us,  as  it  would 
be  led  to  follow  the  flock  among  which  it  was  brought  up;  and,  when 
individuals  of  gregarious  species  have  been  accustomed  to  one  master,  it 


*  In  the  New  Forett,  near  Ringwood,  Haali,  by  Mr.  Toomer,  keeper  of  Broomy 
Lodge.    1  have  co&ve'rfed  with  witneitet  of  t&e  liuBt. 
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is  he  alone  whom  they  acknowledge  as  their  chief— he  only  whom  they 
obey.  '*  The  elephant  allows  himself  to  be  directed  only  by  the  camac 
whom  he  has  adopted ;  the  dog  itself,  reared  in  solitude  with  its  master, 
manifests  a  hostile  disposition  towards  all  others ;  and  every  body  knows 
how  dangerous  it  is  to  be  in  the  midst  of  a  herd  of  cows,  in  pasturages  that 
are  little  frequented,  when  they  have  not  at  their  head  the  keeper  who 
takes  care  of  them." 

**  Every  thing,  therefore,  tends  to  convince  us,  that  formerly  men  were 
only,  with  regard  to  the  domestic  animals,  what  those  who  are  particu- 
larly charged  with  the  care  of  them  still  are — namely,  members  of  the 
society  which  these  animals  form  among  themselves;  and  that  they  are 
only  distinguished,  in  the  general  mass  by  the  authority  which  they  have 
been  enabled  to  assume  from  their  superiority  of  intellect.  Thus,  every 
social  animal  which  recognises  man  as  a  member,  and  as  the  chief  of  its 
herd,  is  a  domestic  animal.  It  might  even  be  said,  that,  from  the  moment 
when  such  an  animal  admits  man  as  a  member  of  its  society,  it  is  domes- 
ticated, as  man  could  not  enter  into  such  a  society  without  becoming  the 
chief  of  it."» 

But  the  ingenious  author  whose  observations  I  have  here  cited,  admits 
that  the  obedience  which  the  individuals  of  many  domestic  species  yield 
iudificrcnily  to  every  person,  is  without  analogy  in  any  state  of  things 
which  could  exist  previously  to  their  subjugation  by  man.  Each  troop 
of  wild  horses,  it  is  true,  has  some  stallion  for  its  chief,  who  draws  after 
him  all  the  individuals  of  which  the  herd  is  composed ;  but,  when  a 
domesticated  horse  has  passed  from  hand  to  hand,  and  has  served  several 
masters,  he  becomes  equally  docile  towards  any  person^  and  is  subjected 
f  /to  the  whole  human  race.  It  seems  fair  to  presume  that  the  capability  in 
^  '  ^  !  the  instinct  of  the  horse  to  be  thus  modified,  was  given  to  enablfi4he 
species  to  render  greater  services  to  man ;  and,  perhaps,  the  facility  with 
which  many  other  acquired  characters  become  hereditary  in  various  races 
of  the  horse,  may  be  explicable  only  on  a  like  supposition.  The  amble, 
for  example,  a  pace  to  which  the  domestic  races  in  Spanish  America  are 
exclusively  trained,  has,  in  the  course  of  several  generations,  become 
hereditary,  and  is  assumed  by  all  the  young  colts  before  they  are  broken 
in.t 

It  seems,  also,  reasonable  to  conclude,  that  the  power  bestowed  on 
the  horse,  the  dog,   the  ox,  the  sheep,  the  cat,  and  many  species  of 
domestic  fowls,  of  supporting  almost  every  climate,  was  given  expressly 
\  to  enable  them  to  follow  man  throughout  all  parts  of  the  globe,  in  order 

that  we  might  obtain  their  services,  and  they  our  protection.     If  it  be 
objected  that  the  elephant,  which,  by  the  union  of  strength,  intelligence, 

*  M^m.  du  Mas.  d'Hlst.  Nat. 

t  Dureau  dj  la  Malle,  Ann.  des  Sci.  Nat.,  torn.  xzi.  p.  58. 
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and  docility,  can  render  the  greatest  services  to  mankind,  is  incapable  of 
living  in  any  but  the  warmest  latitudes,  we  may  observe,  that  the  quantity 
of  vegetable  food  required  by  this  quadruped  would  render  its  maintenance 
in  the  temperate  zone  too  costly,  and  in  the  arctic  impossible. 

Among  the  changes  superinduced  by  man,  none  appear,  at  first  sight, 
more  remarkable  than  the  perfect  tameness  of  certain  domestic  races.  It 
is  well  known  that,  at  however  early  an  age  we  obtain  possession  of  the 
young  of  many  unreclaimed  races,  they  will  retain,  throughout  life,  a 
considerable  timidity  and  apprehensiveness  of  danger;  whereas,  after  one 
or  two  generations,  the  descendants  of  the  same  stock  will  habitually 
place  the  most  implicit  confidence  in  man.  There  is  good  reason,  how« 
ever,  to  suspect  that  such  changes  are  not  without  analogy  in  a  state  of 
nature;  or,  to  speak  more  correctly,  in  situations  where  man  has  not 
interfered. 

Thus,  Dr.  Richardson  informs  us,  in  his  able  history  of  the  habits  of 
Nordi  American  animals,  that,  «^  in  the  retired  parts  of  the  mountains, 
where  the  hunters  had  seldom  penetrated,  there  is  no  difilculty  in  ap- 
proaching the  Rocky  Mountain  sheep,  which  there  exhibit  the  simplicity 
of  character  so  remarkable  in  the  domestic  species  /  but  where  they  have 
been  often  fired  at,  they  are  exceedingly  wild,  alarm  their  companions, 
on  the  approach  of  danger,  by  a  hissing  noise,  and  scale  the  rocks  with 
a  speed  and  agility  that  baffles  pursuit."^ 

It  is  probable,  therefore,  that  as  man,  in  difiTusing  himself  over  the 
globe,  has  tamed  many  wild  races,  so,  also,  he  has  made  many  tame 
races  wild.  Had  some  of  the  larger  carnivorous  beasts,  capable  of  scaling 
the  rocks,  made  their  way  into  the  North  American  mountains  before 
our  hunters,  a  similar  alteration  in  the  instincts  of  the  sheep  would  doubt- 
less have  been  brought  about. 

Wild  elephants  domesticated  in  a  few  years. — No  animal  afibrds  a  more 
striking  illustration  of  the  principal  points  which  I  have  been  endeavour- 
ing to  establish,  than  the  elephant;  for,  in  the  first  place,  the  wonderful 
sagacity  with  which  he  accommodates  himself  to  the  society  of  man,  and 
the  new  habits  which  he  contracts,  are  not  the  result  of  time,  nor  of 
modifications  produced  in  the  course  of  many  generations.  These  ani- 
mals will  breed  in  captivity,  as  is  now  ascertained,  in  opposition  to  the 
▼ulgar  opinion  of  many  modern  naturalists,  and  in  conformity  to  that  of 
the  ancients  iElian  and  Columella  :t  yet  it  has  always  been  the  custom, 
as  the  least  expensive  mode  of  obtaining  them,  to  capture  wild  individuals 
in  the  forests,  usually  when  full  grown;  and,  in  a  few  years  after  they 
are  taken — sometimes,  it  is  said,  in  the  space  of  a  few  months — their 
education  is  completed. 


*  Fauna  Boreali-Americana,  p.  273. 
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Had  the  whole  epeeies  been  domeetieated  from  ao  eariy  period  in  die 
history  of  man,  like  the  came!,  their  anperior  inteUigenee  woold,  doobt- 
leaf,  hare  been  attributed  to  their  long  and  famDiar  intereonrse  with  the 
lord  of  the  creation ;  bat  we  know  that  a  few  years  is  sufficient  to  bring 
about  this  wonderful  change  of  habits ;  and,  although  the  stme  indiTidual 
may  continue  to  receiire  tuition  for  a  century  afterwards,  yet  it  makes  no 
further  progreis  in  the  general  development  of  its  faculties.  Were  it 
otherwise,  indeed,  the  animal  would  soon  deserve  more  than  the  poet's 
epithet  of  **  half-reasoning.** 

From  the  authority  of  our  countrymen  employed  in  the  late  Burmese 
war,  it  appears,  in  corroboration  of  older  accounts,  that,  when  elephants 
are  required  to  execute  extraordinary  tasks,  they  may  be  made  to  nnder* 
stand  that  they  will  receive  unusual  rewards.  Some  favourite  dainty  is 
shown  to  them,  in  the  hope  of  acquiring  Which  the  work  is  done ;  and 
so  perfectly  does  the  nature  of  the  contract  appear  to  be  understood,  that 
the  breach  of  it,  on  the  part  of  the  master,  is  often  attended  with  danger. 
In  this  case,  a  power  has  been  given  to  the  species  to  adapt  their  social 
instincts  to  new  circumstances  with  surprising  rapidity ;  but  the  extent  of 
this  change  is  defined  by  strict  and  arbitrary  limits.  There  is  no  indica- 
tion of  a  tendency  to  continued  divergence  from  certain  attributes  with 
which  ihc  elephant  was  originally  endued — no  ground  whatever  for  anti- 
cipating that,  in  thousands  of  centuries,  any  material  alteration  could 
ever  be  cflectcd.  All  that  we  can  infer  from  analogy  is,  that  some  more 
useful  and  peculiar  races  might  probably  be  formed,  if  the  experiment 
were  fairly  tried ;  and  that  some  individual  characteristic,  now  only 
casual  and  temporary,  might  be  perpetuated  by  generation. 

In  all  cases,  therefore,  where  the  domestic  qualities  exist  in  animals, 
they  seem  to  require  no  lengthened  process  for  their  development ;  and 
they  appear  to  have  been  wholly  denied  to  some  classes,  which,  from  their 
strength  and  social  disposition,  might  have  rendered  great  services  to 
man ;  as,  for  example,  the  greater  part  of  the  quadrumana.  The  orang- 
outang, indeed,  which,  for  its  resemblance  in  form  to  man,  and  appa- 
rently for  no  other  good  reason,  has  been  assumed  by  Lamarck  to  be  the 
most  perfect  of  the  inferior  animals,  has  been  tamed  by  the  savages  of 
Borneo,  and  made  to  climb  lofty  trees,  and  to  bring  down  (he  fruit.  But 
he  is  said  to  yield  to  his  masters  an  unwilling  obedience,  and  to  be  held 
in  subjection  only  by  severe  discipline.  We  know  nothing  of  the  facul- 
ties of  this  animal  which  can  suggest  the  idea  that  it  rivals  the  elephant 
in  intelligence ;  much  less  any  thing  which  can  countenance  the  dreams 
of  those  who  have  fancied  that  it  might  have  been  transmuted  into  **  the 
dominant  race."  One  of  tiie  baboons  of  Sumatra  {Simia  carpolegus) 
appears  to  be  more  docile,  and  is  frequently  trained  by  the  inhabitants  to 
ascend  trees,  for  the  purpose  of  gathering  cocoa-nuts ;  a  service  in  which 
the  animal  is  very  expert.     He  selects,  says  Sir  Stamford  Raffles,  the 
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ripe  nuts,  with  great  judgment,  and  pulls  no  more  than  he  is  ordered.* 
The  capuchin  and  cacajao  monkeys  are,  according  to  Humboldt,  taught 
to  ascend  trees  in  the  same  manner,  and  to  throw  down  fruit  on  the  banks 
of  the  lower  Orinoco.t 

It  is  for  the  Lamarckians  to  explain  how  it  happens  Uiat  those  same 
savages  of  Borneo  have  not  themselves  acquired,  by  dint  of  longing,  for 
many  generations,  for  the  power  of  climbing  trees,  the  elongated  arms 
of  the  orang,  or  even  the  prehensile  tails  of  some  American  monkeys. 
Instead  of  being  reduced  to  the  necessity  of  subjugating  stubborn  and 
untractable  brutes,  we  should  naturally  have  anticipated  **  that  their  wants 
would  have  excited  them  to  efforts,  and  that  continued  efforts  would  have 
given  rise  to  new  organs;"  or,  rather  to  the  re-acquisition  of  organs 
which,  in  a  manner  irreconcileable  with  the  principle  of  the  progressive 
system,  have  grown  obsolete  in  tribes  of  men  which  have  such  constant 
need  of  them. 

BecapitiUation.'^li  follows,  then,  from  the  different  facts  which  have 
been  considered  in  this  chapter,  that  a  short  period  of  time  is  generally 
sufficient  to  effect  nearly  the  whole  change  which  an  alteration  of  external 
circumstances  can  bring  about  in  the  habits  of  a  species,  and  that  such 
capacity  of  accommodation  to  new  circumstances  is  enjoyed,  in  very 
diflerent  degrees,  by  different  species. 

Certain  qualities  appear  to  be  bestowed  exclusively  with  a  view  to  the 
relations  which  are  destined  to  exist  between  different  species  and,  among    ; 
others,  between  certain  species  and  man;  but  these  latter  are  always  so    | 
nearly  connected  with  the  original  habits  and  propensities  of  each  species    \ 
in  a  wild  state,  that  they  imply  no  indefinite  capacity  of  varying  from 
the  original  type.     The  acquired  habits  derived  from  human  tuition  are    ; 
rarely  transmitted  to  the  offspring ;  and  when  this  happens,  it  is  almost    ; 
universally  the  case  with  those  merely  which  have  some  obvious  con- 
nexion with  the  attributes  of  the  species  when  in  a  state  of  independence* 

*  Linn.  Trans.,  vol.  ziii.  p.  244. 
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Phenomena  tff  hybrids — Hunter's  opinions — Mules  not  strictly  intermediate  between 
parent  species — Hybrid  p'ants — Experiments  of  Kolreuter  and  Wiegmann — Vege- 
table hybrids  prolific  throughout  seTeral  generations — Why  rare  in  a  wild  state 
(p.  519  ) — De  Candolle  on  hybrid  plants— The  phenomena  of  hybiids  confirm  the 
distinctness  of  species— Theory  of  the  gradation  in  the  intelligence  of  animals  as 
indicated  by  the  facial  angle  (p.  524.) — Tiedemann  on  the  brain  of  the  fcstos  in 
mammalia  assuming  successively  the  form  of  the  brain  offish,  reptile,  and  bird — 
Bearing  of  this  discovery  on  the  theory  of  progressive  development  and  transmu- 
tation (p.  527.)— Recapitulation. 

Phenomena  of  hybrids. — We  have  yet  to  consider  another  class  of  phe- 
nomena, those  relating  to  the  production  of  hybrids,  which  have  been 
regarded  in  a  very  different  light  with  reference  to  their  bearing  on  the 
question  of  the  permanent  distinctness  of  species;  some  naturalists  con- 
sidering them  as  affording  the  strongest  of  all  proofs  in  favour  of  the 
realiiy  of  species;  others,  on  the  contrary,  appealing  to  them  as  coun- 
tenancing the  opposite  doctrine,  that  all  the  varieties  of  organization  and^ 
instinct  now  exhibited  in  the  animal  and  vegetable  kingdoms  may  have 
been  propagated  from  a  small  number  of  original  types. 

In  regard  to  the  mammifers  and  birds,  it  is  found  that  no  sexual  union 
will  take  place  between  races  which  are  remote  from  each  other  in  their 
habits  and  organization ;  and  it  is  only  in  species  that  are  very  nearly 
allied  that  such  unions  produce  offspring.   It  may  be  laid  down  as  a  gene- 
ral rule,  admitting  of  very  few  exceptions  among  quadrupeds,  that  the 
hybrid  progeny  is  sterile ;   and  there  seem  to  be  no  well-authenticated 
examples  of  the  continuance  of  the  mule  race  beyond  one  generation. 
The  principal  number  of  observations  and  experiments  relate  to  the  mixed 
offspring  of  the  horse  and  ass ;  and  in  this  case  it  is  well  established 
that  the  he-mule  can  generate,  and  the  she-mule  produce.     Such  cases 
occur  in  Spain  and  Italy,  and  much  more  frequently  in  the  West  Indies 
and  New  Holland ;  but  these  mules  have  never  bred  in  cold  climates, 
seldom  in  warm  regions,  and  still  more  rarely  in  temperate  countries. 

'I'he  hybrid  ofT^pring  of  the  she-ass  and  the  stallion,  the  yivroc  of  Aristotle, 
and  the  hinnus  of  Pliny,  differs  from  the  mule,  or  the  offspring  of  the  ass 
and  mare.  In  both  cases,  says  Buffon,  these  animals  retain  more  of  the 
dam  than  of  the  sire,  not  only  in  the  magnitude,  but  in  the  figure  of  the 
body  ;  whereas  in  the  form  of  the  head,  limbs,  and  tail,  they  bear  a  greater 
resemblance  to  the  sire.  The  same  naturalist  infers,  from  various  experi- 
ments respecting  cross-breeds  between  the  he-goat  and  ewe,  the  dog  and 
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she-wolf,  the  goldfinch  and  canary-bird,  that  the  male  transmits  his  sex  to 
the  greatest  number,  and  that  the  preponderance  of  males  over  females 
exceeds  that  which  prevails  where  the  parents  are  of  the  same  species. 

Hunter^ 8  opinion. — ^The  celebrated  John  Hunter  has  observed,  that  the 
true  distinction  of  species  must  ultimately  be  gathered  from  their  incapa- 
city of  propagating  with  each  other,  and  producing  offspring  capable  of 
again  continuing  itself.  He  was  unwilling,  however,  to  admit  that  the 
horse  and  the  ass  were  of  the  same  species,  because  some  rare  instances 
had  been  adduced  of  the  breeding  of  mules,  although  he  maintained  that 
the  wolf,  the  dog,  and  the  jackal  were  all  of  one  species;  because  he  had 
found,  by  two  experiments,  that  the  dog  would  breed  both  with  the  wolf 
and  the  jackal ;  and  that  the  mule  in  each  case,  would  breed  again  with 
the  dog.  In  xUese  cases,  however,  it  may  be  observed,  that  there  was 
always  one  parent  at  least  of  pure  breed,  and  no  proof  was  obtained  that 
a  true  hybrid  race  could  be  perpetuated ;  a  fact  of  which  I  believe  no  ex* 
am  pies  are  yet  recorded,  either  in  regard  to  mixtures  of  the  horse  and  ass, 
or  any. other  of  the  mammalia. 

Should  the  fact  be  hereafter  ascertained,  that  two  mules  can  propagate 
their  kind,  we  must  still  inquire  whether  the  offspring  may  not  be  regard- 
ed in  the  light  of  a  monstrous  birih,  proceeding  from  some  accidental 
cause,  or,  rather,  to  speak  more  philosophically,  from  some  general  law 
DOt  yet  understood,  but  which  may  not  be  permitted  permanently  to  in- 
terfere with  those  laws  of  generation  by  which  species  may,  in  general, 
be  prevented  from  becoming  blended.  If,  for  example,  we  diticovered 
that  the  progeny  of  a  mule  race  degenerated  greatly,  in  the  first  genera- 
tion, in  force,  sagacity,  or  any  attribute  necessary  for  its  preservation 
in  a  state  of  nature,  we  might  infer  that,  like  a  monster,  it  is  a  mere  tem- 
porary and  fortuitous  variety.  Nor  does  it  seem  probable  that  the  greater 
number  of  such  monsters  could  ever  occur  unless  obtained  by  art;  for,  in 
Hunter's  experiments,  stratagem  or  force  was,  in  most  instances,  employed 
to  bring  about  the  irregular  connexion.* 

Mutes  not  strictly  intermediate,  between  the  parent  species. — It  seems 
rarely  to  happen  that  the  mule  offspring  is  truly  intermediate  in  character 
between  the  two  parents.  Thus  Hunter  mentions  that,  in  his  experi- 
ments, one  of  the  hybrid  pups  resembled  the  wolf  much  more  than  the 
rest  of  the  litter ;  and  we  are  informed  by  Weigmann,  that,  in  a  litter 
lately  obtained  in  the  Royal  Menagerie  at  Berlin,  from  a  white  pointer 
and  a  she-wolf,  two  of  the  cubs  resembled  the  common  wolf-dog,  but  the 
third  was  like  a  pointer  with  hanging  ears. 

There  is  undoubtedly  a  very  close  analogy  between  these  phenomena 
and  those  presented  by  the  intermixture  of  distinct  races  of  the  tame 
apecies,  both  in  the  inferior  animals  and  in  man.    Dr.  Prichard,  in  hia 

*  PhU.  Traas.  1767.     Additional  Remarks,  PhiL  Trans.,  1780. 
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**  Physical  History  of  Mankind,"  cites  examples  where  the  peculiarities 
of  the  parents  have  been  transmitted  very  unequally  to  the  offspring ;  as 
where  children,  entirely  white,  or  perfectly  black,  have  sprung  from  the 
union  of  the  European  and  the  negro.  Sometimes  the  colour  or  other 
peculiarities  of  one  parent,  after  having  failed  to  show  themselves  in  the 
ifnmediate  progeny,  reappear  in  a  subsequent  generation ;  as  where  a 
Hfhite  child  is  bom  of  two  black  parents,  the  grandfather  having  been  a 
white.* 

The  same  author  judiciously  observes  that,  if  different  species  mixed 
their  breed,  and  hybrid  races  were  often  propagated,  the  sLnimal  world 
would  soon  present  a  scene  of  confusion ;  its  tribes  would  be  every 
where  blended  togetlier,  and  we  should  perhaps  find  more  hybrid  crea- 
tures than  genuine  and  uncorrupted  races.t 

Hybrid  pUmia — Kdlreuter'a  txperimerUa. — The  history  of  the  vegeta- 
^  kingdom  has  been  thought  to  afford  more  decisive  evidence  in  favour 
of  the  theory  of  the  formation  of  new  and  permanent  species  from  hybrid 
stocks.  The  first  accurate  experiments  in  illustration  of  tliis  curious  sub- 
J9Ct  appear  to  have  been  made  by  Kolreuter,  who  obtained  a  hybrid  from 
two  species  of  tobacco,  Nicotiana  ruatica  and  N,  paniculcUa^  which  differ 
greatly  in  the  shape  of  their  leaves,  the  colour  of  the  corolla,  and  the 
height  of  the  stem.  The  stigma  of  a  female  plant  of  N.  rustica  was  im- 
pregnated with  the  pollen  of  a  male  plant  of  N.  paniculata.  The  seed 
ripened,  and  produced  a  hybrid  which  was  intermediate  between  the  two 
parents,  and  which,  like  all  the  hybrids  which  this  botanist  brought  up, 
bad  imperfect  stamens.  He  afterwards  impregnated  this  hybrid  with  the 
pollen  of  N.  panicuUUat  and  obtained  plants  which  much  more  resem- 
bled the  last.  This  he  continued  through  several  generations,  until,  by 
due  persicverance,  he  actually  changed  the  Nicotiana  rustica  into  the 
Nicotiana  paniculata. 

The  plan  of  impregnation  adopted  was  the  cutting  off  of  the  anthers  of 
the  plant  intended  for  fructification  before  they  had  shed  pollen,  and  then 
laying  on  foreign  pollen  upon  the  stigma. 

Wiegmann^ 8  experiments.^-^The  same  experiment  has  since  been 
repeated  with  success  by  Wiegmann,  who  found  that  he  could  bring  back 
the  hybrids  to  the  exact  likeness  of  either  parent,  by  crossing  them  a  suf- 
ficient number  of  times. 

The  blending  of  the  characters  of  the  parent  stocks,  in  many  other  of 
Wiegmann's  experiments,  was  complete ;  the  colour  and  shape  of  the 
leaves  and  flowers,  and  even  the  scent,  being  intermediate,  as  in  the  off- 
spring of  the  two  species  of  verbascum.  An  intermarriage,  also,  between 
the  common  onion  and  the  leek  {Allium  cepa  and  A.  porrum)  gave  a 
mule  plant,  lyhich,  in  the  character  of  its  leaves  and  flowers,  approached 

*  Pfichaid,  vol  i.  p.  S17.  t  Ibid.  p.  97. 


Ch.  IV.]  RARITT  OF  HYBRIDS  AMONG  PLANi^.  ^^ 

most  nearly  to  the  garden  onion,  but  had  the  elongated  bnlbons  rb6t  and 
smell  of  the  leek. 

The  same  botanist  remarks,  that  vegetable  hybrids,  when  not  strictly 
intermediate,  more  frequently  approach  the  female  than  the  male  pareht 
species,  but  they  never  exhibit  characters  foreign  to  both.  A  recrdM 
with  one  of  the  original  stocks  generally  causes  the  mule  plant  to  reVeVt 
towards  that  stock ;  but  this  is  not  always  the  case,  the  offspring  soniib- 
times  continuing  to  exhibit  the  character  of  a  full  hybrid. 

In  general,  the  success  attending  the  production  and  perpetuity  df 
hybrids  among  plants  depends,  as  in  the  animal  kingdom,  on  the  degree 
of  proximity  between  the  species  intermarried.  If  their  organization  be 
very  remote,  impregnation  never  takes  place ;  if  somewhat  less  distant, 
seeds  are  formed,  but  always  imperfect  and  sterile.  The  next  degree  of 
relationship  yields  hybrid  seedlings,  but  these  are  barren  ;  and  it  is  onljr 
when  the  parent  species  are  very  nearly  allied  that  the  hybrid  race  majr 
be  perpetuated  for  several  generations.  Even  in  this  case,  the  hesi 
authenticated  examples  seem  confined  to  the  crossing  of  hybrids  with 
individuals  of  pure  breed.  In  none  of  the  experiments  most  accurately 
detailed  does  it  appear  that  both  the  parents  were  mules. 

Wiegmann  diversified  as  much  as  possible  his  mode  of  bringing  about 
these  irregular  unions  among  plants.  He  often  sowed  parallel  rows, 
near  to  each  other,  of  the  species  from  which  he  desired  to  breed ;  and, 
instead  of  mutilating,  after  Ko'lreuter's  fashion,  the  plants  of  one  of  the 
parent  stocks,  he  merely  washed  the  pollen  off  their  anthers.  The 
branches  of  the  plants  in  each  row  were  then  gently  bent  towards  each 
other  and  intertwined  ;  so  that  the  wind,  and  numerous  insects,  ta  they 
passed  from  the  flowers  of  one  to  those  of  the  other  species,  carried  the 
pollen  and  produced  fecutldation. 

Vegetable  hybrids^  why  rare  in  a  toild  state. — ^The  same  observer  saW 
a  good  exemplification  of  the  manner  in  which  hybrids  may  be  formed  iii 
a  state  of  nature.  8otae  wallflowers  and  pinks  had  been  growing  in  a 
garden,  in  a  dry  sitnny  situation ;  and  their  stigmas  had  been  ripened  so 
as  to  be  moist,  and  to  absorb  pollen  with  avidity,  although  their  antheri 
were  not  yet  developed.  These  stigmas  became  impregnated  by  pollen 
blown  from  some  other  adjacent  plants  of  the  same  species ;  but,  had 
they  been  of  different  species,  and  not  too  remote  in  their  organization, 
mule  races  must  have  resulted. 

When,  indeed,  we  consider  how- busily  some  insects  have  been  shown 
to  be  engaged  in  conveying  anther-dust  from  flower  to  flower,  especially 
bees,  flower-eating  beetles,  and  the  like,  it  seems  a  most  enigmatical 
problem  how  it  can  happen  that  promiscuons  alliances  between  distinct 
species  are  not  perpetuodly  occurring. 

How  continually  do  we  observe  the  bees  diligendy  employed  in  col- 
lecting the  ted  and  yellow  powder  by  which  the  stmnens  of  flowers  are 
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covered,  loading  it  on  their  hind  legs,  and  carrying  it  to  their  hive  for  the 
purpose  of  feeding  their  young  !  In  thus  providing  for  their  own  pro- 
geny, these  insects  assist  materially  the  process  of  fructification.*  Few 
persons  need  be  reminded  that  the  stamens  in  certain  plants  grow  on  dif- 
ferent blossoms  from  the  pistils  ;  and,  unless  the  summit  of  the  pistil  be 
touched  with  the  fertilizing  dust,  the  fruit  does  not  swell,  nor  the  seed 
arrive  at  maturity.  It  is  by  the  help  of  bees,  chiefly,  that  the  develop- 
ment pf  the  fruit  of  many  such  species  is  secured,  the  powder  which  they 
have  collected  from  the  stamens  being  unconsciously  left  by  them  in 
visiting  the  pistils. 

How  often,  during  th^  heat  of  a  summer's  day,  do  we  see  the  males  of 
dioBcious  plants,  such  as  the  yew-tree,  standing  separate  from  the  females, 
and  sending  off  into  the  air,  upon  the  slightest  breath  of  wind,  clouds  of 
buoyant  pollen  !  That  the  zephyr  should  so  rarely  intervene  to  fecundate 
the  plants  of  one  species  with  the  anther-dust  of  others,  seems  almost  to 
lealize  the  converse  of  the  miracle  believed  by  the  credulous  herdsmen  of 
the  Lusitanian  mares — 

Ore  omnes  venm  in  Zephyrum,  stant  rupibus  altis, 
Exceptantque  leves  auras :  et  saepe  sine  ullis 
ConJDgiia,  vento  gravidoB,  inirabile  dicta.t 

But,  in  the  first  place,  it  appears  that  there  is  a  natural  aversion  In 
plants,  as  well  as  in  animals,  to  irregular  sexual  unions ;  and  in  most  of 
the  successful  experiments  in  the  animal  and  vegetable  world,  some  vio- 
lence has  been  used  in  order  to  procure  impregnation*  The  stigma  im- 
bibes, slowly  and  reluctantly,  the  granules  of  the  pollen  of  another  species, 
even  when  it  is  abundantly  covered  with  it;  and  if  it  happen  that,  during 
this  period,  ever  so  slight  a  quantity  of  the  anther-dust  of  its  own  species 
alight  upon  it,  this  is  instantly  absorbed,  and  the  effect  of  the  foreign  pol- 
len destroyed.  Besides,  ii  does  not  often  happen  that  the  male  and  fe- 
male organs  of  fructification,  indifferent  species,  arrive  at  a  state  of  matu- 
rity at  precisely  the  same  lime.  Even  where  such  synchronism  does  pre- 
vail, so  that  a  cross  impregnation  is  effected,  the  chances  are  very  nuoie- 
rous  against  the  establishment  of  a  hybrid  race. 

If  we  consider  the  vegetable  kingdom  generally,  it  must  be  recollected 
that  even  of  the  seeds  which  are  well  ripened,  a  great  part  are  either  eaten 
by  insects,  birds,  and  other  animals,  or  decay  for  want  of  room  and  oppor- 
tunity to  germinate.  Unhealthy  plants  are  the  first  which  are  cut  ofl*  by 
causes  prejudicial  to  the  species,  being  usually  stifled  by  more  vigorous 
individuals  of  their  own  kind.  If,  therefore,  the  relative  fecundity  or 
hardiness  of  hybrids  be  in  the  least  degree  inferior,  they  cannot  maintain 
tlieir  fooling  for  many  generations,  even  if  they   were   ever  produced 

*  See  Barton  on  the  Geography  of  Plants,  p.  67.  t  Georg  lib.  iii.  273. 
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beyond  one  generation  in  a  wild  state.  In  the  universal  struggle  for  exisU 
ence,  the  right  of  the  strongest  eventually  prevails ;  and  the  strength  and 
durability  of  a  rapjB  depends  mainly  on  its  prolificness,  in  whic^  hyi)ria8 
are  acknQwledired  to  be  deficient. 

Centaur ea  hyhnda^  a  plant  which  never  bears  seed,  and  is  supposed  to 
be  produced  by  the  frequent  intermixture  of  two  well-known  species.  <^ 
Gentaurea,  grows  wild  upoq  a  hill  near  Turin.  Ranunculua  lacerutf 
also  sterile,  has  been  produced  accidentally  at  Grenoble,  and  near  Paris, 
by  the  union  of  two  Ranunculi ;  but  this  occurred  in  gardens.* 

Mr.  Berbert^a  experimenia. — Mr.  Herbert,  in  one  of  his  ingenious 
papers  on  mule  plants,  endeavours  to  account  for  their  non-occurrence  in 
a  state  of  nature,  from  the  circumstance  that  all  the  combinations  thai 
were  likely  to  occur  have  already  been  made  many  centufies  ago»  and 
have  formed  the  various  species  of  botanists ;  but  in  our  jgardeps,  he  sayif, 
whenever  species,  having  a  certain  degree  of  affinity  to  each  other,  ya)B 
transpprted  from  different  countries,  and  brought  for  the  first  time  into 
contact,  they  give  rise  to  hybrid  species.t  But  we  have  no  data«  as  yet^ 
to  warrant  tfie  conclusion,  that  a  single  permanent  hybrid  race  has  ever 
been  formed,  even  in  gardens,  by  the  intermarriage  of  two  allied  species 
brought  from  distant  habitations.  Until  some  fact  of  this  kind  is  fairly 
established,  and  a  new  species,  capable  of  perpetuating  itself  in  a  state  of 
perfect  independence  of  man,  can  be  pointed  out,  it  seems  reasonablei  to 
call  in  question  entirely  this  hypothetical  source  of  new  species.  Thai 
varieties  do  sometimes  spring  up  from  cross  breeds,  in  a  natural  way,  caa 
hardly  be  doubted ;  but  they  probably  die  out  even  more  rapidly  than 
races  propagated  by  grafts  or  layers. 

Optnion  of  De  Candotte. — De  CandoUe,  whose  opinion  on  a  pbilotp* 
phical  question  of  this  kind  deserves  the  greatest  attention,  has  observedf 
in  his  Esssy  on  Botanical  Geography,  that  the  varietiea  of  plants  rwge 
themselves  under  two  general  heads :  those  prpduced  by  external  circum- 
stances, and  those  formed  by  bybridity.  After  adducing  various  argu- 
ments to  show  that  neither  of  these  causes  can  explain  the  permanent 
diversity  of  plants  indigenous  in  different  regions,  he  says,  in  regard  to 
the  crossing  of  races,  **  I  can  perfectly  comprehend,  without  altogether 
sharing  the  opinion,  that,  where  many  species  of  the  same  genera  occui^ 
near  together,  hybrid  species  may  be  formed,  and  I  am  aware  thai  the 
great  number  of  species  of  certain  genera  which  are  found  in  particular 
regions  may  be  explained  in  this  manner ;  but  I  am  unable  to  conceive 
how  any  one  can  regard  the  same  explanation  as  applicable  tp.  species 
which  live  naturally  at  great  distances. ,  If  the  three  larches,  for  example, 
now  known  in  the  world,  lived  in  the  same  localities,  I  might  then  believe 
that  one  of  Uiem  was  the  produce  of  the  crossing  of  the  two  others ;  but 

*  Hon.  and  Rev.  W.  Herbert,  Hort.  Trans.,  vol.  iv.  p.  41.  *   t  Ibid. 
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I  never  could  admit  that  the  Siberian  species  has  been  produced  by  the 
crossing  of  those  of  Europe  and  America.  I  see,  then,  that  there  exists 
in  organized  beings,  permanent  differences  which  cannot  be  referred  to 
any  one  of  the  actual  causes  of  variation,  and  these  differenees  are  what 
constitute  species.''^* 

RtdUty  ofspeciei  confirmed  by  the  phenomena  of  hybrids^ — ^The  most 
decisive  arguments,  perhaps,  amongst  many  others,  against  the  proba^ 
biiity  of  the  derivation  of  permanent  species  from  cross-breeds,  are  to  be 
drawn  from  the  /act  alluded  to  by  De  Candolle,  of  species  having  a  close 
affinity  to  each  other  occurring  in  distinct  botanical  provinces,  or  countries 
inhabited  by  groups  of  distinct  species  of  indigenous  plants :  for  in  this 
case  naturalists  who  are  not  prepared  to  go  the  whole  length  of  the  trans- 
mutationists,  are  under  the  necessity  of  admitting  that,  in  some  cases, 
species  which  approach  very  near  to  each  other  in  their  characters,  were 
so  created  from  their  origin ;  an  admission  fatal  to  the  idea  of  its  being  a 
general  law  of  nature,  that  a  few  original  types  only  should  be  formed, 
and  that  all  intermediate  races  should  spring  from  the  intermixture  of 
^ose  stocks. 

This  notion,  indeed,  is  wholly  at  variance  with  all  that  we  know  of 
hybrid  generation :  for  the  phenomena  entitle  us  to  affirm,  that  had  the 
types  been  at  first  somewhat  distant,  no  croaa-breeda  wouid  ever  have 
been  produced^  much  less  those  prolific  races  which  we  now  recognise  as 
distinct  species. 

In  regard,  moreover,  to  the  permanent  propagation  of  hybrid  races 
among  animals,  insuperable  difficulties  present  themselves,  when  we 
endeavour  to  conceive  the  blending  together  of  the  different  instincts  and 
propensities  of  two  species,  so  as  to  insure  the  preservation  of  the  inter- 
mediate race.  The  common  mule,  when  obtained  by  human  art,  may  be 
protected  by  the  power  of  man ;  but,  in  a  wild  state,  it  would  not  have 
precisely  the  same  wants  either  as  the  horse  or  the  ass ;  and  if,  in  conse- 
quence of  some  difference  of  this  kind,  it  strayed  from  the  herd,  it  would 
soon  be  hunted  down  by  beasts  of  prey,  and  destroyed. 

If  we  take  some  genus  of  insects,  such  as  the  bee,  we  find  that  each  of 
the  numerous  species  has  some  difiference  in  its  habits,  its  mode  of 
collecting  honey,  or  constructing  its  dwelling,  or  providing  for  its  young, 
and  other  particulars.  In  the  case  of  the  common  hive-bee,  the  workers 
are  described,  by  Kirby  and  Spence,  as  being  endowed  with  no  less  than 
thirty  distinct  instincts.!  So  also  we  find  that,  amongst  a  most  numerous 
class  of  spiders,  there  are  nearly  as  many  different  modes  of  spinning 
their  webs  as  there  are  species.  When  we  recollect  how  complicated 
are  the  relations  of  these  instincts  with  co-existing  species,  both  of  the 


*  Essai  El^mentaire,  dbc.,  3me  partie. 
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animal  and  vegetable  kingdoms,  it  is  scarcely  possible  to  imagine  that  a 
bastard  race  could  «pring  from  the  union  of  two  of  these  species,  and 
retain  just  so  much  of  the  qualities  of  each  parent  stock  as  to  preserve  its 
ground  in  spite  of  the  dangers  which  surround  it. 

We  might  also  ask,  if  a  few  generetic  types  alone  have  been  created 
among  insects,  and  the  intermediate  species  have  proceeded  from 
hybridity,  where  are  those  original  types,  combining,  as  they  ought  to  do, 
the  elements  of  all  the  instincts  which  have  made  their  appearance  in  the 
numerous  derivative  races  ?  So  also  in  regard  to  animals  of  all  classes, 
and  of  plants;  if  species  in  general  are  of  hybrid  origin,  where  are 
the  stocks  which  combine  ill  themselves  the  habits,  properties,  and 
organs,  of  which  all  the  intervening  species  ought  to  afford  us  mere 
modifications!  » 

Recapitulation  of  the  arguments  from  hybrids. '^l  shall  now  conclude 
this  subject  by  summing  up,  in  a  few  words,  the  results  to  which  I  have 
been  led  by  the  consideration  of  the  phenomena  of  hybrids.  It  appears, 
that  the  aversion  of  individuals  of  distinct  species  to  the  sexual  union  is 
common  to  animals  and  plants ;  and  that  it  is  only  when  the  species 
approach  near  to  each  other  in  their  organization  and  habits,  that  any  off- 
spring are  produced  from  their  connexion.  Males  are  of  extremely  rare 
occurrence  in  a  state  of  nature,  and  no  examples  are  yet  known  of  their 
having  procreated  in  a  wild  state.  But  it  has  been  proved,  that  hybrids 
are  not  universally  sterile,  provided  the  parent  stocks  have  a  near  affinity 
to  each  other,  although  the  continuation  of  the  mixed  race,  for  several 
'generations,  appears  hitherto  to  have  been  obtained  only  by  crossing  the 
hybrids  with  individuals  of  pure  species;  an  experiment  which  by  no 
means  bears  out  the  hypothesis  that  a  true  hybrid  race  could  ever  be 
permanently  established. 

Hence  we  may  infer,  that  aversion  to  sexual  intercourse  is,  in  general, 
a  good  test  of  the  distinctness  of  original  stocks,  or  of  species  ;  and  the  / 
procreation  of  hybrids  is  a  proof  of  the  very  near  affinity  of  species. 
Perhaps,  hereafter,  the  number  of  generations  for  which  hybrids  may  be 
continued,  before  the  race  dies  out  (for  it  seems  usually  to  degenerate 
rapidly),  may  afford  the  zoologist  and  botanist  an  experimental  test  of  the 
difference  in  the  degree  of  affinity  of  allied  species. 

I  may  also  remark,  that  if  it  could  have  been  shown  that  a  single  per- 
manent species  had  ever  been  produced  by  hybridity  (of  which  there  is 
no  satisfactory  proof),  it  might  certainly  have  lent  some  countenance  to 
the  notions  of  the  ancients  respecting  the  gradual  deterioration  of  created 
things,  but  none  whatever  to  Lamarck's  theory  of  their  progressive  per- 
fectibility ;  for  observations  have  hitherto  shown  that  there  is  a  tendency 
in  mule  animals  and  plants  to  degenerate  in  organization. 

It  was  before  remarked,  that  the  theory  of  progressive  development 
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arose  from  an  attempt  to  ingraft  the  doctrines  of  the  transmutationists 
upon  one  of  the  most  popular  generalizations  in  geology.  But  modj 
geological  researches  have  almost  destroyed  every  appearance  of  that 
graSation  in  the  successive  groups  of  animate  beings,  which  was  supposed 
to  indicate  the  slow  progress  of  the  organic  world  from  the_more  simple 
to  the  more  compojHod  etKUCtur^.  In  the  more  modem  formationsT^e 
knd  clear  indications  that  the  highest  orders  of  the  terrestrial  mammalia 
were  fully  represented  during  several  successive  epochs;  but  in  the 
monuments  which  we  have  hitherto  examined  of  more  remote  eras,  in 
which  there  are  as  yet  discovered  few  fluviatile,  and  perhaps  no  lacustrine 
formations,  and,  therefore,  scarcely  any  means  of  obtaining  an  insight 
into  the  zoology  of  the  continents  then  existing,  we  have  only  as  yet 
found  one  example  of  a  mammiferous  quadruped.  The  reoent  origin  of 
man,  and  the  absence  of  all  signs  of  any  rational  being  holding  an  analo- 
gous relation  to  former  states  of  the  animate  world,  affords  one,  and 
die  only  reasonable  argument,  in  support  of  the  hypothesis  of  a  pro- 
gressive scheme ;  but  none  whatever  in  favour  of  the  faqcied  evolution  of 
6n^  species  out  of  another. 

'Theory  of  the  gradation  in  inteUeei  as  shoum  by  the  facial  angle,'^ 
When'  the  celebrated  anatomist,  Camper,  first  attempted  to  estimate  the 
degrees  of  sagacity  of  different  animals,  and  of  the  races  of  man,  by  the 
measurement  of  the  facial  angle,  some  speculators  were  bold  enough  to 
affirm,  that  certain  simiae  differed  as  little  from  the  more  savage  races  of 
men,  as  those  do  from  the  human  race  in  general ;  and  that  a  scale  might 
be  traced  from  "  apes  with  foreheads  villanous  low"  to  the  African  variety 
of  the  human  species,  and  from  that  to  the  European.  The  facial  angle 
was  measured  by  drawing  a  line  from  the  prominent  centre  of  the  fore- 
head to  the  most  advanced  part  of  the  lower  jaw-bone,  and  observing  the 
angle  which  it  made  with  the  horizontal  line ;  and  it  was  affirmed,  that 
there  was  a  regular  series  of  such  angles  from  birds  to  the  mammalia. 

The  gradation  from  the  dog  to  the  monkey  was  said  to  be  perfect,  snd 
from  that  again  to  man.  One  of  the  ape  tribe  has  a  facial  angle  of  42^; 
and  another,  which  approximated  nearest  to  man  in  figure  an  angle 
of  50^  To  this  succeeds  (longo  sed  proximus  intervallo)  the  head  of  the 
African  negro,  which  as  well  as  that  of  the  Kalmuc,  forms  an  angle  of  70°; 
while  that  of  the  European  contains  80°.  The  Roman  painters  preferred 
the  angle  of  95°;  and  the  character  of  beauty  and  sublimity,  so  striking  in 
some  works  of  Grecian  sculpture,  as  in  the  head  of  the  Apollo,  and  in  the 
Medusa  of  Sisocles,  is  given  by  an  angle  which  amounts  to  100°.* 

A  great  number  of  valuable  facts  and  curious  analogies  in  comparative 
anatomy  were  brought  to  light  during  the  investigations  which  were  made 


Prichard's  Phjs.  Hiit  of  Mankind,  vol.  i.  p.  159. 
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b^  Camper,  J.ohn  Hupter,  and  others,  to  illustrate  this  scale  of  organiza- 
tion ;  and  their  facts  and  generalizations  must^not  be  confoqnded  with  the 
lanciful  systeqis  which  White  and  others  deduced  from  them.* 

That  there  is  some  connexion  between  an  elevated  and  capacious  fore- 
head, in  certain  races  of  men,  and  a  large  development  of  the  intellectual 
faculties,  seems  highly  probable ;  and  that  a  low  facial  angle  is  frequently 
accompanied  with  inferiority  of  mental  powers,  is  certain ;  but  the  attempt 
to  trace  a  graduated  scale  of  intelligence  through  the  different  species  of 
animals  accompanying  the  modifications  of  the  form  of  the  skull,  is  a 
mere  visionary  speculation.  It  has  been  found  necessary  to  exaggerate 
the  sagacity  of  the  ape  tribe  at  the  expense  of  the  dog;  and  strange  con- 
tradictions have  arisen  in  the  conclusions  deduced  from  the  structure  of 
the  elephant;  some  anatomists  being  disposed  to  deny  the  quadruped  the 
intelligence  which  he  really  possesses,  because  they  found  that  the  volume 
of  his  brain  was  small  in  comparison  to  that  of  the  other  mammalia; 
while  others  were  inclined  to  magnify  extravagantly  the  superiority  of 
his  intellect,  because  the  vertical  height  of  his  skull  is  so  great  when 
compared  to  its  horizontal  length. 

Different  races  of  men  are  all  of  one  species. — It  would  be  irrelevant 
to  our  subject  if  we  were  to  enter  into  a  further  discussion  on  these 
topics ;  because,  even  if  a  graduated  scale  of  organization  and  intelli- 
gence could  have  been  established,  it  would  prove  nothing  in  favour  of  a 
tendency,  in  each  species,  to  attain  a  higher  state  of  perfection.  I  may 
refer  the  reader  to  the  writings  of  Biumenbach,  Prichard,  Lawrence,  and 
others,  for  convincing  proofs  that  the  varieties  of  form,  colour,  and 
organization  of  different  races  of  men,  are  perfectly  consistent  with  the 
generally  received  opinion,  that  all  the  individuals  of  the  species  have 
originated  from  a  single  pair ;  and,  while  they  exhibit  in  man  as  many 
diversities  of  a  physiological  nature  as  appear  in  any  other  species,  they 
confirm  also  the  opinion  of  the  slight  deviation  from  a  common  standard 
of  which  species  are  capable. 

The  power  of  existing  and  multiplying  in  every  latitude,  and  in  every 
variety  of  situation  and  climate,  which  has  enabled  the  great  human 
family  to  extend  itself  over  the  habitable  globe,  is  partly,  says  Lawrence, 
the  result  of  physical  constitution,  and  partly  of  the  mental  prerogative 
of  man.  If  he  did  not  possess  the  most  enduring  and  inflexible  corporeal 
frame,  his  arts  would  not  enable  him  to  be  the  inhabitant  of  all  climates, 
and  to  brave  the  extremes  of  heat  and  cold,  and  the  other  destructive 
influences  of  local  situation.!  Yet,  notwithstanding  this  flexibility  of 
bodily  frame,  we  find  no  signs  of  indefinite  departure  from  a  common 

*  Ch.  White  on  the  Regular  Gradation  in  Man,  dec,  1799. 

t  Lawrence,  Lectnrea  on  Phya.  Zool.  and  Nat.  Hiit.  of  Man,  p.  192.    Ed.  1823. 
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standard,  and  the  intermarriages  of  individuals  of  the  most  remote  varie- 
ties are  not  less  fruitful  than  between  those  of  the  same  tribe. 

T^edemann  on  the  brain  of  the  foetus  in  vertebrattd  animals. — There 
is  yet  another  department  of  anatomical  discovery  to  which  I  must  allude, 
because  it  has  appeared,  to  some  persons,  to  afford  a  distant  analogy,  at 
least,  to  that  progressive  development  by  which  some  of  the  inferior  spe- 
cies may  have  been  gradually  perfected  into  those  of  more  complex 
organization.  Tiedemann  found,  and  his  discoveries  have  been  most 
fully  confirmed  and  elucidated  by  M.  ^erres,  that  the  brain  of  the  foBtos; 
in  the  highest  class  of  vertebrated  animals,  assumes,  in  succession,  forms 
analogous  to  those  which  belong  to  fishes,  reptiles,  and  birds,  before  it 
acquires  the  additions  and  modifications  which  are  peculiar  to  the  mam- 
miferous  tribe.  So  that,  in  the  passage  from  the  embryo  to  the  perfect 
mammifer,  there  is  a  typical  representation,  as  it  were,  of  all  those  trans- 
formations which  the  primitive  species  are  supposed  to  have  undergone, 
during  a  long  series  of  generations,  between  the  present  period  and  the 
remotest  geological  era. 

If  you  examine  the  brain  of  the  mammalia,  says  M.  Serres,  at  an  early 
stage  of  uterine  life,  you  perceive  the  cerebral  hemispheres  consolidated^ 
as  in  fish,  in  two  vesicles,  isolated  one  from  the  other ;  at  a  later  period, 
you  see  them  afi^ect  the  configuration  of  the  cerebral  hemispheres  of  rep- 
tiles ;  still  later  again,  they  present  you  with  the  f^rms  of  those  of  birds ; 
finally,  they  acquire,  at  the  era  of  birth,  and  sometimes  later,  the  perma- 
nent forms  which  the  adult  mammalia  present. 

The  cerebral  hemispheres,  then,  arrive  at  the  state  which  we  observe 
in  the  higher  animals  only  by  a  series  of  successive  metamorphoses.  If 
we  reduce  the  whole  of  these  evolutions  to  four  periods,  we  shall  see, 
that  in  the  first  are  born  the  cerebral  lobes  of  fishes  ;  and  this  takes,  place 
homogeneously  in  all  classes.  The  second  period  will  give  us  the  organi- 
zation of  reptiles ;  the  third,  the  brain  of  birds ;  and  the  fourth,  the 
complex  hemispheres  of  mammalia. 

If  we  could  develope  the  different  parts  of  the  brain  of  the  inferior 
classes,  we  should  make,  in  succession,  a  reptile  out  of  a  fish,  a  bird  out 
of  a  reptile,  and  a  mammiferous  quadruped  out  of  a  bird.  If,  on  the 
contrary,  we  could  starve  this  organ  in  the  mammalia,  we  might  reduce 
it  successively  to  the  condition  of  the  brain  of  the  three  inferior  classes. 

Nature  ofteiv  presents  us  with  this  last  phenomenon  in  monsters,  but 
never  exhibits  the  first.  Among  the  various  deformities  which  organized 
beings  may  experience,  they  never  pass  the  limits  of  their  own  classes  to 
put  on  the  forms  of  the  class  above  them.  Never  does  a  fish  elevate 
itself  so  as  to  assume  the  form  of  the  brain  of  a  reptile ;  nor  does  the  lat- 
ter ever  attain  that  of  birds ;  nor  the  bird  that  of  the  mammifer.  It  may 
happen  that  a  monster  may  have  two  heads ;  but  the  conformation  of  the 
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brain  always  remains  circumscribed  narrowly  within  the  limits  of  its 
class.* 

Bearing  of  these  discoveries  on  the  theory  of  progressive  develop- 
ment.— It  will  be  observed,  that  these  curious  phenomena  disclose,  in  a 
highly  interesting  manner,  the  unity  of  plan  that  runs  through  the  organi- 
zation of  the  whole  series  of  vertebrated  animals ;  but  they  lend  no  sup- 
port whatever  to  the  notion  of  a  gradual  transmutation  of  one  species  into 
another ;  least  of  all  of  the  passage,  in  the  course  of  many  generations, 
from  an  animal  of  a  more  simple  to  one  of  a  more  complex  structure.  On 
the  contrary,  were  it  not  for  the  sterility  imposed  on  monsters,  as  well  as 
on  hybrids  in  general,  the  argument  to  be  derived  from  Tiedemann's  dis- 
covery, like  that  deducible  from  experiments  respecting  hybridity,  would 
be  in  favour  of  the  successive  degeneracy y  rather  than  the  perfectibility, 
in  the  course  of  ages,  of  certain  classes  of  organic  beings. 

JRecapitidation. — For  the  reasons,  therefore,  detailed  in  this  and  the 
two  preceding  chapters,  we  may  draw  the  following  inferences  in  regard 
to  the  reality  of  species  in  nature : — 

1st.  That  there  is  a  capacity  in  all  species  to  accommodate  themselves, 
to  a  certain  extent,  to  a  change  of  external  circumstances,  this  extent 
varying  greatly,  according  to  the  species. 

2dly.  When  the  change  of  situation  which  they  can  endure  is  great,  it 
is  usually  attended  by  some  modifications  of  the  form,  colour,  size,  struc- 
ture, or  other  particulars ;  but  the  mutations  thus  superinduced  are 
governed  by  constant  laws,  and  the  capability  of  so  varying  forms  part  of 
the  permanent  specific  character. 

3dly.  Some  acquired  peculiarities  of  form,  structure,  and  instinct,  are 
transmissible  to  the  oflTspring ;  but  these  consist  of  such  qualities  and 
attributes  only  as  are  intimately  related  to  the  natural  wants  and  propen- 
sities of  the  species. 

4thly.  The  entire  variation  from  the  original  type,  which  any  given 
kind  of  change  can  produce,  may  usually  be  eflTected  in  a  brief  period  of 
time,  after  which  no  farther  deviation  can  be  obtained  by  continuing  to 
alter  the  circumstances,  though  ever  so  gradually  ;  indefinite  divergence, 
either  in  the  way  of  improvement  or  deterioration,  being  prevented,  and 
the  least  possible  excess  beyond  the  defined  limits  being  fatal  to  the 
existence  of  the  individual. 

6thly.  The  intermixture  of  distinct  species  is  guarded  against  by  the 
aversion  of  the  individuals  composing  them  to  sexual  union,  or  by  the 
sterility  of  the  mule  offspring.  It  does  not  appear  that  true  hybrid  races 
have  ever  been  perpetuated  for  several  generations,  even  by  the  assistance 

*  E.  R.  A.  Serrefl,  Anatomie  Compar^e  da  Cerveau,  illustrated  bj  nnineroiia 
plates,  tome  i.,  ISSM. 
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of  man ;  for  the  cases  usually  cited  relate  to  tbe  crossing  of  mules  wit] 

individuals  of  pure  species,   and  not  to    the    intermixture  of  liybri< 

with  hybrid. 

Gthly.  From  the  above  cohsiderations,  it  appears  that  species  have 
\  real  existence  in  nature  ;  and  that  each  was  endowed,  at  the  iinae  of  it 
:  creation,  with  the  attributes  and  oi^niiaiion  by  which  it  is  now  dlstip 

guished. 
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USED    IN   THIS  WORK. 


AcEFBALOvs.    The  Acephala  are  that  divimon  of  moUoflcous  tBiiiMib  wbieli,  fik* 
the  oyster  and  scallop,  are  without  heads.    The  class  Acepbala  of  Cuyier  com- 
prehends manj  genera  of  animals  with  bivalTe  shells,  and  a  few  which  axe 
devoid  of  shells.    Etym,, «,  a,  without,  and  »t^«x«,  eepkaUf  the  head. 
Adipocire.    a  substance  apparently  intermediate  between  ikt  and  wax,  into  which 
dead  animal  matter  is  converted  when  buried  in  the  earth,  and  is  a  certain  etafe 
of  decomposition.    Eiym.y  adeps,  fat,  and  cera,  wax. 
Albitb.    See  <<  Felspar." 
Alembic.    An  apparatus  fbr  distilling. 

Alo  js.    An  order  of  division  of  the  cryptogamic  class  of  plants.    The  whole  of  the 
sea- weeds  are  comprehended  under  this  division,  and  the  apptioationof  the  term 
in  this  work  is  to  marine  plants.    Etym,f  olga^  sea-weed. 
Alluvial.    The  adjective  of  alluvium,  which  see. 
Alluvion.    Synonymous  with  alluvium,  which  see. 

Alluvium.    Earth,  sand,  gravel,  stones,  and  other  transported  matter  which  has 
been  washed  away  and  thrown  down  by  rivers,  floods,  or  other  causes,  upon  land 
not  permanently  submerged  beneath  the  waters  of  lakes  or  seas.    Etym.,  alluOf 
to  wash  upon.    For  a  further  explanation  of  the  term  as  used  in  this  work,  see 
Vol.  II.,  pp.  122, 123.  296. 
Alum-stone,  Alumen,  Aluminous.    Alum  is  the  base  of  pure  clay,  and  strata  of 
clay  are  often  met  with  containing  much  iron- pyrites.    When  the  latter  sub* 
stance  decomposes,  sulphuric  acid  is  produced,  which  unites  with  the  aluminona 
earth  of  the  clay  to  form  sulphate  of  alumine,  or  common  alum.    Where  mana* 
factories  are  established  for  obtaining  the  alum,  the  indurated  beds  of  clay  em- 
ployed are  called  Alum-stone. 
Ammonite.    An  extinct  and  very  numerous  genus  of  the  order  of  moUaaoona  ani- 
mals called  Cephalopoda,  allied  to  the  modem  genus  Nantilns,  which  inhabited 
a  chambered  shell,  curved  like  a  coiled  snake.    Species  of  it  axe  found  in  all 
geological  periods  of  the  secondary  strata ;  but  they  have  not  been  seen  in  the 
tertiary  beds.    They  are  named  from  their  resemblaiiee  to  the  horns  on  the 
statutes  of  Jupiter  Ammon. 
Amobpbous.    Bodies  devoid  of  regular  form.    EhfULf  #y  a^  without,  and  ^•/fs, 

morphey  form. 
Amygdaloid.    One  of  the  forms  of  the  trap-rocks,  in  which  agates  and  simple 
minerahi  appear  to  be  eeattered  like  almonds  ia  a  oake.    Eiym.^  «iftv>/Wx«| 
amygdala^  an  almond. 
Vol.  I.— 3  R 
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AiTALOiics.  A  flmple  mineral  of  the  Zeolite  family,  also  called  Cabixite,  of  fireqoent 
occurrence  in  the  trap-rocks. 

AHAI.OOUI.  A  bodj  that  resembles  or  corresponds  with  another  bodj.  A  recent 
shell  of  the  same  species  as  a  fossil-shell  is  the  anologne  of  the  latter. 

Anoplothere  f  Anoplothebium.  a  fossil  extinct  quadruped  belonging  to  the  order 
Pachydermata,  resembling  a  pig.  It  has  received  its  name  because  the  animal 
must  have  been  singularly  wanting  in  means  of  defence,  from  the  form  of  its 
teeth  and  the  absence  of  claws,  hooft,  and  horns.  Etym.,  «f«irx«c,  amoplaSf 
unarmed,  and  d-n^iov,  therianf  a  wild  beast. 

Antagonist  Powers.  Two  powers  in  nature,  the  action  of  the  one  counteracting 
that  of  the  other,  by  which  a  kind  of  equilibrium  or  balance  is  maintained,  and 
the  destructive  effect  prevented  that  would  be  produced  by  one  operating  with- 
out a  check. 

Antennje.  The  articulated  horns  with  which  the  heads  of  insects  are  invariably 
furnished. 

Anthracite.  A  shining  substance  like  black-lead ;  a  species  of  mineral  charcoaL 
Etym.f  AfBfa^y  anthraXy  coal, 

Aethracotbxrium.  a  name  given  to  an  eztinet  quadruped,  supposed  to  belong  to 
the  Pachydermata,  the  bones  of  which  were  found  in  lignite  and  eoal  of  the 
tertiary  strata.    Etym.,  «»A^»  tuUkraXf  coal,  and  d7»^i«f ,  t4erto»,  wild  beaaL 

ANTHROPoaoRPHOUB.  Having  ft  fonu  resemUing  the  human.  £S(ya».y  «f OfiNrscy  mi- 
thropotf  a  man,  and  /uoff «,  nunrpkef  form. 

AvnouNAL  Axis.  If  a  range  of  hills,  or  a  vaUey,  be  oompoaed  of  strata,  ^riiich  on 
the  two  sides  dip  in  opposite  directions,  the  imaginary  line  thai  lies  between 
them,  towards  which  the  strata  on  each  side  rise,  is  called  the  anticlinal  axis. 
In  a  row  of  houses  with  steep  roofs  facing  the  south,  the  slates  represent  inclined 
strata,  dipping  north  and  south,  and  the  ridge  is  an  east  and  west  anticlinal  axis. 
In  the  accompanying  diagram,  a,  a,  are  the  anticlinal,  and  6,  6,  the  synclinal 
lines.    Etym.y  «? ti,  aitfi,  against,  and  sXiy«,  cUno^  to  incline. 


Antiseptic.  Substances  which  prevent  corruption  in  animal  and  vegetable  matter, 
as  common  salt  does,  are  said  to  be  antiseptic.  Etym.,  avt/,  against,  and  g^Mrm, 
sepOy  to  putrefy. 

Arenaceous.    Sandy.    Etym.,  arena,  sand. 

Argillacxovs.    Clayey,  composed  of  clay.    Ebfm.,argUla,c\nj, 

Arragonite.  a  simple  mineral,  a  variety  of  carbonate  of  lime,  so  called  from 
having  been  first  found  in  Arragon,  in  Spain. 

AuoiTE.  A  simple  mineral  of  a  dark  green,  or  black  colour,  which  forms  a  con- 
stituent part  of  many  varieties  of  volcanic  rocks.  Name  applied  by  Pliny  to  a 
particular  mineral,  from  the  Gr  oV  avyn,  auge,  lustre. 

Avalanches.  Masses  of  snow  which,  being  detached  from  great  heights  in  the 
Alps,  acquire  enormous  bulk  by  fresh  accumulations  as  they  descend;  and 
when  they  fall  into  the  valleys  below,  oflen  cause  great  destruction.  They  are 
also  called  lavanges,  and  lavanches,  in  the  dialects  of  Switzerland. 

BASf  LT.  One  of  the  most  common  varieties  of  the  Trap-rocks.  It  is  a  daric  green 
or  black  stone,  composed  of  augite  and  felspar,  very  compact  in  teztnie,  and  of 
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coniiderable  hardneM,  often  fbnnd  in  regolar  pillars  of  time  or  more  ildee, 
e&lled  bABaltic  eolumns.  Remarkable  examples  of  this  kind  are  aeen  at  the 
Giant's  Causeway,  in  Ireland,  and  at  Fingal's  CaFe,  in  Stafia,  one  of  the 
Hebrides.  The  term  is  used  by  Pliny,  and  is  said  to  come  from  batalf  an  JEthio- 
pian  word  signifying  iron.    The  rock  often  contains  much  iron. 

*'  Babih"  of  Paris,  "  Basih"  of  London.  Deposits  lying  in  a  hollow  or  trough, 
formed  of  older  rocks;  sometimes  used  in  geology  almost  synonymously  with 
''formations,"  to  express  the  deposits  lying  in  a  certain  cavity  or  depression  in 
older  rocks. 

BsLZMNiTZ.  An  extinct  genus  of  the  order  of  molluscous  animals  called  Cephalo- 
poda, having  a  long,  straight,  and  ohambered  conical  shell.  Ettfm,,  /BfM^f ty, 
beUmnonf  a  dart. 

BiTUMZH.  Mineral  pitch,  of  which  the  tar-like  substance  which  is  often  seen  to 
ooxe  out  of  the  Newcastle  coal  when  on  the  fire,  and  which  makes  it  cake,  is  a 
good  example.    £tym.,  bitumen,  pitch. 

Brrumif  ous  Shalz.  An  argillaceous  shale,  much  impregnated  with  bitumen,  which 
is  very  common  in  the  coal  measures. 

Blzvdz.  a  metallic  ore,  a  compound  of  the  metal  zinc  with  sulphur.  It  is  often 
found  in  brown  shining  crystals;  hence  its  name  among  the  German  miners, 
from  the  word  bUnden,  to  dazzle. 

Bluffs.  High  banks  presenting  a  precipitous  front  to  the  eea  or  a  river.  A  term 
used  in  the^  United  States  of  North  America. 

BoTBTOXDAL.  Resembling  a  bunch  of  grapes.  Ettfm.^  I^*ft*itt  boirys,  a  bnneh  of 
grapes,  and  ti/«r,  ddoty  form. 

BovLDZBS.  A  provincial  term  for  large  rounded  blocks  of  stone  lying  on  the  aiir* 
ftce  of  the  ground,  or  sometimes  imbedded  in  loose  soil,  different  in  eompoaition 
from  the  rocks  in  their  vicinity,  and  which  have  been  therefore  transported  from 
a  distance. 

Brxocia.  a  rock  composed  of  angular  fragments  connected  together  by  lime  or 
other  mineral  substance.    An  Italian  term. 

Calo  SurrsR.  A  German  name  for  the  deposite  from  springs  holding  earbonato  of 
lime  in  solution — ^petrifying  springs.    JSCym.,  kalk,  Ume,  smUm^  to  drop. 

Calcairz  Grossizr.  An  extensive  stratum,  or  rather  series  of  strata,  fouxid  in  the 
Paris  Basin,  belonging  to  the  Eocene  tertiary  period.  See  Table  I.,  E,  VoL  II. 
p.  453.    Etifm.f  caleairef  limestone,  and  groMtUTf  coarse. 

Calcabzous  Rock.    Limestone.    Etym,,  ealXf  lime. 

Galcarxovb  Spab.    Crystallised  carbonate  of  lime. 

Calczdoht.  a  siliceous  simple  mineral,  uncrystalliied.  Agates  are  partly  com- 
posed of  ealcedony. 

Cabboz.  An  undecompoeed  inflammable  substance,  one  of  the  simple  elementary 
bodies.    Charcoal  is  almost  entirely  composed  of  it.    JSCym.,  earbOf  coaL 

Cabbohatz  of  LiMZ.  Lime  combines  with  great  avidity  with  carbonie  acid,  a 
gaseous  acid  only  obtained  fluid  when  united  with  water ,r-and  all  oomlniiations 
of  it  with  other  substances  are  called  Carbonates.  All  limestones  are  ftarhtwiatBi 
of  lime,  and  quick  lime  is  obtained  by  driving  off  the  carbonic  acid  by  heaL 

Cabbonatzd  Spbihob.  Springs  of  water,  containing  carbonic  acid  gas.  They  m 
very  common,  especially  in  volcanic  countries ;  and  sometimes  contain  so  much 
gas,  that  if  a  little  sugar  be  thrown  into  the  water  it  e&rvesoes  like  soda-water. 

Cabboh ic  Acid  Gas.  A  natural  gas  which  often  issues  firom  the  ground,  espeeidly 
in  volcanic  countries.  Etym.,  earbo,  coal;  because  the  gas  is  obtained  by  the 
slow  burning  of  chareoal. 

Cabboitifzbous.    a  term  usually  applied,  in  a  technical  sense,  to  an  aneient  group 
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ofiMotidnjilftU  (ieeTbUel.,  fif,  VoL  U.  p.  456) ;  Imt  my  bed  eoMdidiiff 
eoal  DiBj  be  nid  to  be  cariMmiferoas.    £fym.,  emrbo,  coal,  and/erv,  to  beer. 

CATACLTf  M.    A  delate.    £tym.,  ft«T««xv{»,  cafechigo,  to  deluge. 

CspuALopoDA.  A  claM  of  mollatcoofl  animalB,  haWng  their  organe  of  motion 
arranged  roimd  tbeir  bead.    Etym.,  »ft«xji,  e^kalej  bead,  and  ire/^,  fodm^  feet. 

CbTACSA.      An  ntA>r  nf  imrtohrai^  nfrntnifewm^  animala  inhabiting  tha  aea.     TllO 

whale,  dolphm,  and  narwal  are  ezamplea.    JSCym.,  c«to,  whale. 

Chalk.  A  white  earthy  Umeetone,  the  appermoet  of  the  eeeondary  eefiee  of  strata. 
See  Table  I.,  F,  Vol.  II.,  p.  454. 

Qumaet.  A  ailiocooa  mineral,  nearly  allied  to  ealcedony  and  flint,  but  le«  bomofe- 
aeoui  and  almple  in  testore.  A  gradual  paange  from  chert  to  limeetoae  is  not 
uncommon. 

Chlokitic  Sand.  Sand  coloured  green  by  an  admiztore  of  the  aifl^le  mineral 
chlorite.    £Cyin.,  ;tx»^«r,  cJUorof ,  green. 

Cleataok.  Certain  rocks,  usually  called  elate  rocke,  may  be  cleaTed  into  an  indefi- 
nite number  of  thin  laminn  which  are  parallel  to  each  other,  but  which  are 
generally  not  parallel  to  the  planes  of  the  troe  strata  or  layers  of  deposition. 
The  planes  of  cleayage,  therefore,  are  distinfuishable  from  those  of  stratificsp 
tion ',  and  tbey  also  difibr  from  joints,  which  are  fissures  or  lines  of  parting,  at 
definite  distances,  and  often  at  right  angles  to  the  planes  of  stratificatioa.  The 
partings  which  diride  columnar  basalt  into  prisms  are  joints.  The  masses  of 
lock  included  between  joints  cannot  be  desTed  into  an  indefinite  number  of 
lamin0  or  dates,  having  their  planes  of  deaTage  parallel  to  the  joints.  See  first 
part  of  Chap,  xxvil.  Book  IV.,  Vol.  II. 

CuvKSTosB,  called  also  phonolite,  a  felspathie  rock  of  the  trap  fiunily,  usnally  fis- 
sile.   It  is  sonorous  when  struck  with  a  hammer,  whence  its  name. 

Coal  Formatios.  This  term  is  generally  understood  to  mean  the  same  as  the  Coal 
Measures.  See  Table  I.,  M,  Vol.  U.  p.  456.  There  are,  however, «  coal  for- 
mations" in  all  the  geological  periods,  wherever  any  of  the  varieties  of  coal 
forms  a  principal  constituent  part  of  a  group  of  strata. 

CoLKorrsRA.  An  order  of  insects  (Beeties)  which  have  four  wings,  the  upper  pair 
being  erustaoeous  and  forming  a  shield.  JEStym.,  aoMoc,  coUom^  a  sheath,  and 
s^rtftf, pteron,  awing. 

CoirroRaABi.B.  When  the  planes  of  one  set  of  strata  are  generally  parallel  to  those 
of  another  set  which  are  in  contact,  they  are  said  to  be  conformable.  Thus  the 
set  a,  h,  Fig.  1^.,  Vol.  II.  p.  343,  rest  confi>rmably  on  the  inferior  set  c,  d  ;  but 
c,  d  rest  unconformably  on  E. 

CoNOEif  ER8.    Species  which  belong  to  the  same  genus. 

CosoLoaBRATB  OR  PuDDiNosTovB.  Rouuded  water*wom  fragments  of  roek  or 
pebbles,  cemented  together  by  another  mineral  substance,  which  may  be  of  a 
silioeous,  ealoareous,  or  argillaceous  nature.  JECjfni.,  con,  together,  glamerOf  to 
heap. 

CoHirBRjB.  An  order  of  plants  which,  like  the  fir  and  pine,  bear  ccmes  or  tops  in 
which  the  seeds  are  contained.    Etym,,  eanuSf  cone,  and  /ero,  to  bear. 

OooMB.  A  provincial  name  in  diffisrent  parts  of  England  fiur  a  valley  on  the  declivity 
of  a  hill,  and  which  is  generally  without  water. 

GoRiTBRASH.  A  rubbly  limestone,  forming  a  soil  extensively  cultivated  in  Wiltshire 
lor  the  growth  «f  com.  It  is  a  provincial  term  adopted  by  Smith.  Brash  is 
derived  from  brecan,  Sazon,  to  break.    See  Table  I.,  H,  Vol.  II.  p.  454. 

ConasToifB.  A  provincial  name  for  a  red  limestone,  forming  a  subordinate  bed  in 
the  Old  Red  Sandstone  group. 

CosMoooNY,  CosaoLOQT.    Words  synonymous  in  meaning,  applied  to  specolationf 
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rMpeeting  tha  first  origin  or  mode  of  creatton  of  the  earth.  Etym. ,  zw/uttt,  lUamoSf 
the  world,  and  >6rir,  gonee^  geDeration,  or  xe^ec,  logosj  diBCoarse. 

Crao.  a  provincial  name  in  Norfolk  and  Suffolk  for  a  deposit,  usoallj  of  gravely 
belonging  to  the  Older  Pliocene  period.     See  Table  I  ,  C,  Vol.  II.  p.  4^. 

CftATER.  The  circular  cavity  at  the  summit  of  a  volcano,  from  which  the  volcanic 
matter  is  ejected.    Eh/m.^  crater ^  a  great  cup  or  bowl. 

Cebtaceous.    Belonging  to  chalk.    Etym.,  ereta,  chalk. 

Crop  Out.  A  miner's  or  mineral  surveyor's  term,  to  express  the  rising  up  or  expo- 
sure at  the  surfkce  of  a  stratum  or  series  of  strata. 

Crust  of  the  Earth.    See  **  Earth's  crust." 

Crostacea.  Animals  having  a  shelly  coating  or  orast  which  they  cast  periodically. 
Crabs,  shrimps,  and  lobsters,  are  examples.  '' 

Crtvtogahic.  a  name  applied  to  a  class  of  plants,  such  as  iems,  mosses ,  sea- 
weeds, and  fbngi,  in  which  the  fructification  or  organs  of  reproduction  are  con- 
cealed.   Etym.f  sftfiTTor,  kryptosj  concealed,  and  >«/uor,  gamosj  marriage. 

Crystals.  Simple  minerals  are  frequently  found  in  regular  forms,  with  facets  like 
the  drops  of  cut  glass  of  chandeliers.  Quartz  being  often  met  with  in  rocks 
in  such  forms,  and  beautifully  transparent  like  ice,  was  called  rock-crystal^ 
tifuvra.x\oe,  erystaUos,  being  Greek  for  ice.  Hence  the  regular  formg  of  other 
minerals  are  called  crystals,  whether  they  be  clear  or  opake. 

Crystallized.  A  mineral  which  is  found  in  regular  forms  or  crystals  is  said  to  be 
crystallized. 

Crtstalliite.  The  internal  texture  which  regular  crystals  exhibit  when  broken, 
or  a  confused  assemblage  of  ill-defined  crystals.  Loaf-sugar  and  statuarf-mar- 
ble  have  a  crystaUine  texture.    Sugar-candy  and  calcareous  spar  are  crystallized. 

Ctcade;e.  An  order  of  plants  which  are  natives  of  warm  climates,  mostly  tn^ical, 
although  some  are  found  at  the  Cape  of  Good  Hope.  They  have  a  short  stem, 
surmounted  by  a  peculiar  foliage,  termed  pinnated  fronds  by  botanists,  which 
spreads  in  a  circle.  The  term  is  derived  fh>m  jivkac,  cycas^  a  name  applied  by 
the  ancient  Greek  naturalist  Theophrastus  to  a  palm. 

Ctperacejk.  a  tribe  of  plants  answering  to  the  English  sedges;  they  are  distin- 
guished from  grasses  by  their  stems  being  solid,  and  generally  triangulary 
instead  of  being  hollow  and  round.  Together  with  granUnem  they  constitute 
what  writers  on  botanical  geography  oflen  call  giumacMi, 

Debacle.  A  great  rush  of  waters,  which,  breaking  down  all  opposing  barriers, 
carries  forward  the  broken  fragments  of  rocks,  and  spreads  them  in  its  oouisa. 
Etym.y  dibader,  fVench,  to  unbar,  to  break  up  as  a  river  does  at  the  cessation 
of  a  long-continued  frost. 

Delta.  When  a  great  river,  before  it  enters  the  sea,  divides  into  separate  streams, 
they  often  diverge  and  form  two  sides  of  a  triangle,  the  sea  being  the  base. 
The  land  included  by  the  three  lines,  and  which  is  invariably  alluvial,  was  first 
called,  in  the  case  of  the  Nile,  a  delta,  from  its  resemblance  to  the  letter  of  the 
Greek  alphabet  which  goes  by  that  name,  A.  Geologists  apply  the  term  to  allu- 
vial land  formed  by  a  river  at  its  mouth,  without  refeienoe  to  its  precise  shape. 

I>S9VDatioh.  The  carrying  away  by  the  action  of  running  water  of  a  portion  of 
the  solid  materials  of  the  land,  by  which  inferior  rocks  are  laid  bare.  Etym.f 
damdo,  to  lay  bare. 

DxsiccATioH.    The  act  of  drying  up.    Etym,,  desUco,  to  dry  up. 

Deoxidized,  Deoxidated.    Deprived  of  oxygen.    Disunited  from  oxygen. 

DiAooHAL  Stratification.    For  an  explans^ioaof  this  term,  see  Vol.  II.  p.  319. 

DicoTTLXDORouB. '  A  grand  division  of  the  vegetable  kingdom)  founded  on  the  plant 
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haying  two  cotyUdatts  or  leed-lobes.    Ehfm.^ittf  dU,  double,  and  so^rvxalir, 
cotyUdan, 

DiKxs.  When  a  man  of  the  unBtratified  or  igneous  rocki,  lach  ai  granite,  trap,  and 
laya,  appean  as  if  injected  into  a  great  rent  in  the  stratified  rocki,  cutting  acroM 
the  strata,  it  fbrmi  a  dike ;  and  as  thej  are  Bometimea  seen  running  along  the 
ground,  and  projecting,  like  a  wail,  from  the  softer  strata  on  both  sides  of  them 
haying  wasted  awaj,  they  are  called  in  the  north  of  England  and  in  Scotland 
dikeM,  the  proyincial  name  for  wall.  It  is  not  easy  to  draw  the  line  betweea 
dikes  and  yeins.  The  former  are  generally  of  larger  dimensions,  and  haye  their 
sides  parallel  for  considerable  distances ',  while  yeins  haye  generally  many  rami- 
fications, and  these  often  thin  away  into  slender  threads. 

DiLvyiuH.  Those  accumulations  of  grayel  and  loose  materials  which,  by  some 
geolo^ts,  are  said  to  haye  been  produced  by  the  action  of  a  diluyian  waye  or 
deluge  sweeping  oyer  the  surface  of  the  earth.    Etym.f  diluvium,  deluge. 

Dip.  When  a  stratum  does  not  lie  horizontally,  but  is  inclined,  it  is  said  to  dtp 
towards  some  point  of  the  compass,  and  the  angle  it  makes  with  the  horison  is 
called  the  angle  of  dip  or  inclination. 

DiPTERA.  An  order  of  insects,  comprising  those  which  haye  only  two  wings. 
Etym,f  itsy  diSj  double,  and  rii^ov,  jyteron,  wing. 

DoLSRiTs.    One  of  the  yarieties  of  the  trap-rocks,  composed  of  augite  and  felspar. 

DoLOHiTZ.  A  crjrstalline  limestone,  containing  magnesia  as  a  constituent  ptrt 
Named  after  the  French  geologist  Dolomieu. 

DuvBS.  Low  hills  of  blown  sand  that  skirt  the  shores  of  Holland,  England,  Sptia, 
and  other  countries. 

Eabth's  Crust.    Such  superficial  parts  of  our  planet  as  are  accessible  to  human 

obseryation. 
Elytra.    The  wing-sheaths,  or  upper  cmstaceous  membranes,  which  form  the 

superior  wings  in  the  tribe  of  beetles.    They  coyer  the  body,  and  protect  the 

true  membranous  wing.    Etym.,  f\vr^oy,  dytron,  a  sheath. 
Eocene.    See  explanation  of  this  word,  Vol.  II.  p.  224. 
Escarpment.    The  abrupt  face  of  a  ridge  of  high  land.    Etym.,  escarper,  French, 

to  cut  steep. 
Estuaries.    Inlets  of  the  land,  which  are  entered  both  by  riyers  and  the  tides 

of  the  sea.    Thus  we  haye  the  estuaries  of  the  Thames,  Seyem,  Tay,  Ac. 

Etym.,  astus,  the  tide. 
ExPERiMENTUM  Crucis.    A  dccisiyc  experiment,  so  called  because,  like  a  cross  or 

direction  post,  it  directs  men  to  true  knowledge ;  or,  as  some  explain  it,  because 

it  is  a  kind  of  torture  whereby  the  nature  of  the  thing  is  extorted,  as  it  were, 

by  yiolence. 
ExuYiJE.    Properly  speaking,  the  transient  parts  of  certain  animals,  which  they  put 

off  or  lay  down  to  assume  new  ones,  as  serpents  and  caterpillars  shift  their 

skins ;  but  in  geology  it  refers  not  only  to  the  cast-off  coyerings  of  animals,  but 

to  fossil  shells  and  other  remains  which  animals  haye  left  in  the  strata  of  the 

earth.    Etym.,  exuere,  to  put  off  or  diyest 

Faluns.  A  French  proyincial  name  for  some  tertiary  strata  abounding  in  shells  in 
Touraine,  which  resemble  in  litbological  characters  the  "  crag"  of  Norfolk  and 
Suffolk. 

Fault,  in  the  language  of  miners,  is  the  sudden  interruption  of  the  continuity  of 
strata  in  the  same  plane,  accompanied  by  a  crack  or  fissure  yarying  in  width 
firom  a  mere  line  to  seyeral  feet,  which  is  generally  filled  with  broken  stone, 
clay,  &c. 
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[Fig.  «.] 

Tha  ttrata  a,  h,  e,  Ac.,  muit  at  one 
time  have  been  continoooi ;  but  a  frae- 
a  tore  haying  taken  place  at  the  fiinlt  F, 
'M  .  either  bj  the  npheaying  of  the  portion 
^     A,  or  the  sinking  of  the  portion  B,  the 
strata  were  so  displaced  that  the  bed  a 
in  B  is  many  feet  lower  than  the  same 
A  B  ])ed  a  in  the  portion  A. 

Fauita.  The  yarions  kinds  of  animals  peculiar  to  a  country  constitute  its  Fauita, 
as  the  various  kinds  of  plants  constitute  its  Flora.  The  term  is  derived  firom 
the  Fauiti,  or  rural  deities,  in  Roman  Mythology. 
Felspar.  A  simple  mineral,  which,  next  to  quartz,  constitutes  the  chief  material 
of  rocks.  The  white  angular  portions  in  granite  are  felspar.  This  mineral 
always  contains  some  alkali  in  its  composition.  In  common  felspar  the  alkali 
is  potash  ;  in  another  variety,  called  Albite  or  Cleavlandite,  it  is  soda.  Qlaasy 
felspar  is  a  term  applied  when  the  crystals  have  a  considerable  degree  of  trans- 
parency. Compact  felspar  is  a  name  of  more  vague  signification.  The  substance 
so  called  appears  to  contain  both  potash  and  soda. 
FsLSPATHic.    Of  or  belonging  to  felspar. 

Ferruginous.    Any  thing  containing  iron.    Etym.,  ferrum,  iron. 
Floetz  Rocks.    A  Gennan  term  applied  to  the  secondary  strata  by  the  geologists 
of  that  country,  because  these  rocks  were  supposed  to  occur  most  frequently  in 
flat  horizontal  beds.    £Cym.,  fldtx^  a  layer  or  stratum. 
Flora.    The  various  kinds  of  trees  and  plants  found  in  any  country  cooftttnte  tha 

flora  of  that  country,  in  the  language  of  botanists. 
Fluviatils.    Belonging  to  a  river.    Etym,,  fluoiuMf  a  river. 

FoRAMiNJFERA.    A  uamo  given  by  D'Orbigny  to  a  family  of  microscopic  shells, 

several  of  which  are  figured  in  Plate  XIIL,  Vol.  11.  p.  377,  of  this  work.    Their 

diflerent  chambers  are  united  by  a  small  perforation  or  foramen.    Recent  obser- 

vation  has  shown  that  some  at  least  are  not  cephalopoda,  as  D*Orbigny  supposed. 

Formation.    A  group,  whether  of  alluvial  deposits,  sedimentary  strata,  or  igneous 

rocks,  referred  to  a  common  origin  or  period. 
Fossil.    All  minerals  were  once  called  fossils,  but  geologists  now  use  the  word  only 
to  express  the  remains  of  animals  and  plants  found  buried  in  the  earth.    Etym,^ 
fossilisy  any  thing  that  may  be  dug  out  of  the  earth. 
FossiLirxRous.    Containing  organic  remains. 

Galena.  A  metallic  ore,  a  compound  of  lead  and  sulphur.  It  has  often  the  ap- 
pearance of  highly  polished  lead.     Ett/my  yti\%m^  gaUo,  to  shine. 

Garnet.  A  simple  mineral,  generally  of  a  deep  red  colour,  crystallized ;  most  com- 
monly met  with  in  mica  slate,  but  also  in  granite  and  other  igneous  rocks. 

Gasteropods.  a  division  of  the  Testacea  in  which,  as  in  the  limpet,  the  foot  is 
attached  to  the  body.    £tym.,  ytto'Tnf,  gastetf  belly,  and  re/«,  poda,  feet 

Gault.  a  provincial  name  in  the  east  of  England  for  a  series  of  beds  of  clay  and 
marl,  the  geological  position  of  which  is  between  the  upper  and  lower  green- 
sand.    See  Table  I.,  F,  Vol.  11.  p.  454. 

GsM,  or  QsHHULE,  from  the  Latin  gemma,  a  bud.  The  term,  applied  to  loophytes, 
means  a  young  animal  not  confined  within  an  envelope  or  egg. 

Geology,  Geognosy.  Both  mean  the  same  thing ;  but  with  an  nnnecessaiy  degree 
of  refinement  in  terms,  it  has  been  proposed  to  call  our  description  of  the  struc- 
ture of  the  earth  geogmonf  (£fyni.,  >t«,  gea^  earth,  and  yifmrmm,  ginMeo,  to  know). 
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and  oar  theowtfed  ipafliihtioiMi  u  to  ili  ibmrtiM  ^Nlify  (Jfe^^n^  >«^tBi 

htyt,  liy<M,  a  difOQiine). 
Q1.A0UUU    Viit  ■ocnmqIitimMi  oCiia  tad  iMvdeiiod  laow  in  the  -Alps  tad 

lofty  mowitaiiii.    J|Btyii;»  jflflci,  Fkeneh  te  Im. 
dLAOit.    A  tsrqi  teiowed  Aon  the  kngoige  of  IMHIflittnii,whei»  it 

MqriiMMiiQdaalopeQriiMlMtfvlMiatoeptliaaaMMi,  wUohflM. 
OfxiM.    A  ilntiidd  prinuij  roeki  compoMd  of  th*  miM  mitonriah  u  gn^itoy  bat 

hftTiag  wuaUy  a  laifn  pcopoction  of  niioa  and  a  hmrfaitrd  toztore.    Xba  tmd 

ia  a  <3eniiaa  iiiiiiar*a  leim.         S 
QmAMomM*   The  order  of  plaiita  to  wbish  gnutm  beloogt    Et^fwUfgrmmtm^  in** 
Oaanra.    An  tmaCiatifiad  or  ignaoiMi  roek|  (eneraU/  fiMUid  inftiiof  to  or  aMocinwl 

with  the  oldest  of  the  atiatified  roeka,  and  aometinma  penetrating  them  in  the 
.  IbnnofdikeaandveuuL    It  la  naoally  oiwnpnaad,  of  thy  ajniple  miaerala,  fcl> 

igar,  ^narta,  and  mica,  and  deri^aa  ita  name  ftoai  haTin^  ooaraa  gi  a—far  atrae" 

torn;  grmmtmf  I^tin  fi»  graini    Weatminatori  WaterioOi  and  LoaloB  bddgmy 

and  the  pafing-atonaa  in  the  eaniaga-way  of  the  London  algeeta^  aflbcd  gaod 

GmnniiaAaD.  Bade  of  aand,  oandatonoi  Bmertonep  hetongint  toithe  OMaeeow 
Period.  See  TUde  I.,  F,  Vol.  IL  |^  4M.  The  nama  ia  given  to  theaa  badi 
beoanae  they  often,  bat  not  alwaya,  eontiin  an  abnndanee  of  green  earth  m 
ehlorite  aoattawd  throng  the  anbataaoe  of  the  mndatnne,  limeatoim,  dke.  81a 
Vdi.ILf.484. 

flllf  ■mm       A  wriaty  tif  trmvL  mtaanwitmmA  mit  ImPwMawA^  mmA  ^Xmmtmim 

ChmrarAOKn.  Qramaadtai  a  Cteman  namOf  genenljy  adopted  by  geolegiataftrthi 
loweetmembera  of  the  •aoondaiy  atrata.  TaUe  L^O,  Vol.  II.  p.  4S6;  aaealm 
VoMI.  1^.450,451.  Theapoklaveiy  oftenofagr^yeoloarjheneethanaBM, 
gMMk^  being  German  fir  gn^,  and  toacib*  being  a  provineial  minar'a  taiaa. 

CtauT.    A  proyineial  naaae  Ihr  a  ooaraa-gralned  aandaUme. 

OrptvMJ  A  mineral  eomposed  of  lime  and  siilphario  acid,  henoe  called  aim  ntf- 
^kaU  .of  Ume.  Piaster  and  Btacco  axe  obtained  by  exposing  gypsom  to  a  atrong 
heat.  It  if  found  so  abundantly  near  Paris,  that  plaster  of  Pans  is  a  common 
term  in  this  country  for  the  white  powder  of  which  casts  are  made.  Hie  term 
is  used  by  Pliny  for  a  stone  used  for  the  same  purposes  by  the  ancienta.  The 
derivation  is  unknown. 

Gtpseous.    Of  or  belonging  to  gypsum. 

GTROGoiriTEB.  Bodies  found  in  freshwater  deposits,  originally  supposed  to  be  mi- 
croscopic shells,  but  subsequently  discovered  to  be  the  seed-vessel  of  freshwater 
plants  of  the  genus  ehara.  See  Vol.  II.  pp.  158,  159.  Etym.,  yvft,  gyros, 
curved,  and  ^ovtc,  gonos,  seed,  on  account  of  their  external  structure. 

HsMiPTXBA.    An  order  of  insects,  so  called  from  a  peculiarity  in  their  winga,  the 

superior  being  coriaceous  at  the  base^  and  membranous  at  the  apex,  «/<''*» 

hmUsUj  half,  and  irnpov,  pteroHf  wing. 
HoRiTBLEHDx.    A  simplc  mineral  of  a  dark  green  or  black  colour,  which  enters 

largely  into  the  composition  of  several  varieties  of  the  trap  rocks. 
HoKSSTOME.    A  siliceous  mineral  substance,  sometimes  approacJiing  nearly  to  flint, 

or  common  quarU.    It  has  a  conchoidal  fracture,  and  is  infusiUe,  which  diatia- 

guishes  it  from  compact  felspar. 
Humerus.    The  bone  of  the  upper  arm. 
HrnmoPH VTBS.    Plants  which  grow  in  water.    £ly»i.,  v/ipp,  hydar,  water,  and  ^evt r, 

ji&yCoft,  plant 
Hiroaxax  itooxs.    For  an  explanation  of  this  term,  see  VoL  II.,  Ch.  xxviL 
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IircAiTDxsGEirr.    White  hot— haying  a  more  inteose  degree  of  heat  than  red  heat. 
IczBSRO.    Great  maues  of  ice,  often  the  lize  of  hills,  which  float  in  the  polar  and 

adjacent  leaa.    Etym.f  ice,  and  herg,  German  for  hill. 
IcHTHro8AURU8.    A  gigantic  fossil  marine  reptile,  intermediate  between  a  crocodile 

and  a  fish.    Etym.,  ix^vf,  uhtkuSf  a  fish,  and  vwfA,  jovra,  a  lixard. 
Igneous  Rocks.    All  rocks,  soch  as  laya,  trap,  and  granite,  known  or  supposed  to 

have  been  melted  by  yolcanic  heat. 
iHDUcTioir.    A  consequence,  inference,  or  general  principle  drawn  from  a  number 

of  particular  facts  or  phenomena.    The  Inductiye  philosophj,  says  Mr.  Whe- 

well,  has  been  rightly  described  as  a  science  which  ascends  from  particular  fiu^ 

to  general  principles,  and  then  descends  again  fix>m  these  general  principles  to 

particular  applications. 
IirrusoRT  AiriMALcuLES.    Minute  liying  creatures  found  in  jukoj  infusions ;  and 

the  term  ir^fusori  has  been  given  to  all  such  animalcules,  wheUier  found  in 

infusions  or  in  stagnant  water,  yinegar,  dtc. 
I11SPI8SATZD.    Thickened.    £tym.,  spissus^  thick. 
Ihtertebrated  Animals.    Animals  which  are  not  frimisbed  with  a  back-bone. 

For  a  further  explanation,  see  *'  Vertebrated  Animals.'* 
Isothermal.    Such  zones  or  divisions  of  the  land,  ocean,  or  atmoephere,  which 

have  an  equal  degree  of  mean  aimual  warmth,  are  said  to  be  iaothermal,  from 

i«'«r,  iso9,  equal,  and  ^«p/u»,  t&snne,  heat 

Jonrri,  Jointed  STituoTUBE.    See  "  Cleavage." 

Jura  Limestone.  The  limestones  belonging  to  the  Oolitic  Clroup  (See  TMe  I,  H, 
Vol.  II.  p.  454)  constitnte  the  chief  part  of  the  mountains  of  the  Jura,  between 
France  and  Switzerland ;  and  hence  the  geologists  of  the  Continent  have  given 
the  name  to  the  group. 

KiHHERiDGE  Clat.  A  thick  bed  of  clay,  constituting  a  member  of  the  Oolite 
Group.  See  Table  I.,  H,  Vol.  II.  p.  454.  So  called  because  it  is  found  well 
developed  at  Kimmeridge  in  the  isle  of  Furbeck,  Dorsetshire. 

Lacustrine.    Belonging  to  a  lake.    JQCyni.,  locvf,  a  lake. 

Lamantine.  a  living  species  of  the  herbivorous  cetacea  or  whale  tribe,  which  in- 
habits the  mouths  of  rivers  on  the  coasts  of  Africa  and  South  America :  the 
sea-cow. 

Lahzlliferous.  Having  a  structure  consisting  of  thin  plates  or  leaves  like  paper. 
Etym.,  lamella  J  the  diminutive  of  lamina,  plate,  and /ero,  to  bear. 

Laminjb.  Latin  for  plates ;  used  in  geology,  for  the  smaller  layers  of  which  a 
stratum  is  frequently  composed. 

Landslip.  A  portion  of  land  that  has  slid  down  in  consequence  of  disturbance  by 
an  earthquake,  or  from  being  undermined  by  water  washing  away  the  lower  beds 
which  supported  it. 

Lapidification — Lapidifying  process.  Conversion  into  stone.  Etym,,  lapis,  stone, 
and  j!o,  to  make. 

Lapilli.    Small  volcanic  cinders.    LapUltts,  a  little  stone. 

Lava.    The  stone  which  flows  in  a  melted  state  fit>m  a  volcano. 

Leucite.  a  simple  mineral  found  in  volcanic  rocks,  crystalliied,  and  of  a  white 
colour.    Etym.f  xtvsoc,  Uucos,  white. 

Lias.  A  provincial  name  adopted  in  scientific  language  for  a  particular  kind  of 
limestone,  which,  being  characterized  together  with  its  associated  beds,  by  pecu- 
liar fossils,  forms  a  particular  group  of  the  secondary  strata.  See  Table  I.,  Vol. 
II.  p.  455. 
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LioHiPSRDous.  A  term  applied  to  uueeU  which  destroy  wood.  J5tym.»  lignum^ 
wood,  and  perdoy  to  deitrdy. 

LiORiTC.    Wood  coDTerted  into  a  kind  of  coal.    Etym.f  lignum,  wood, 

LiTHODOMi.  MolluBCOui  animak  which  form  holes  in  aolid  rocka  in  which  they 
lodge  themaelves.  The  holea  are  not  perforated  mechanically,  bat  the  rock 
appears  to  be  dissolved.    Etym,,  xifiof,  litkosy  stone,  and  /i/um,  iemo,  to  build. 

LiTBOGEifouB  Polyps.    Animals  which  form  coral. 

Lithographic  Stone.  A  slaty  compact  limestone,  of  a  yellowish  colour  and  fine 
grain,  used  in  lithography,  which  is  the  art  of  drawing  upon  and  printing  firom 
stone.    Etym.,  mOo;,  lithos,  stone,  and  yf*.9^f  grapho,  to  write. 

LxTBoiDAL.    Having  a  stony  structure. 

LiTHOLooicAL.  A  tcrm  eipressing  the  stony  structure  or  character  of  a  mineral 
mass.  We  speak  of  the  lithological  character  of  a  stratum  as  distinguished 
from  its  zoological  character.  Etym.,  xi6«c,  Utkas,  stone,  and  xt>sc»  logotf  dit- 
course. 

LiTHOPUAGi.  Molluscous  suimals  which  form  holes  in  solid  stones.  See  "  Litho* 
domi."    Etym,f  m6oc,  litkosy  stone,  and  ^^uffphagem,  to  eat 

LiTHOPHTTES.    The  animals  which  form  stonen^oral. 

Littoral.    Belonging  to  the  shore.    Etym.,  UUuSf  the  shore. 

Loam.    A  mixture  of  sand  and  clay . 

LoPHJODoR.  A  genus  of  extinct  quadrupeds,  allied  to  the  Tapir,  named  from  emi- 
nences on  the  teeth. 

Ltcopodiacejk.  Plants  of  an  inferior  degree  of  organization  to  Gonifisrs,  some  of 
which  they  very  much  resemble  in  foliage,  but  all  recent  species  are  infinitely 
smaller.  Many  of  the  fossil  species  are  as  gigantic  as  recent  conifera.  Their 
mode  of  reproduction  is  analogous  to  that  of  ferns.  In  English  they  are  called 
club-mosses,  generally  found  in  mountainous  heaths  in  the  north  of  England. 

Lydian  Stoke.  Flinty  slate ;  a  kind  of  quarts  or  flint,  allied  to  hornstone,  but  oft 
grayish  black  colour. 

Macigno.    In  Italy  this  tcrm  has  been  applied  to  a  siliceous  sandstone  sometimes 

containing  calcareous  grains,  mica,  &,c. 
Madrepore.    A  genus  of  corals,  but  generally  applied  to  all  the  corals  distinguished 

by  superficial  star-shaped  cavities.    There  are  several  fossil  species. 
Maonesian  Limestone.    An  extensive  series  of  beds,  the  geological  position  of 

which  is  immediately  above  the  coal-measures ',  so  called  because  the  limestone, 

the  principal  member  of  the  series,  contains  much  of  the  earth  magnesia  as  a 

constituent  part.     See  Table  1.  L,  Vol.  II.  p.  455. 
Mammiferous.     Mammifers.    Animals  which  give  suck  to  their  young.    To  this 

class  all  the  warm-blooded  quadrupeds,  and  the  cetacca,  or  whales,  belong. 

Etym.f  mamma f  a  breast, /ero,  to  bear. 
Mammillarv.    a  surface  which  is  studded  over  with  rounded  projections.     Etym., 

mammiUa,  a  little  breast  or  pap. 
Mammoth.    An  extinct  species  of  the  elephant  (£.  primMgemu3)f  of  which  the  fossil 

bones  are  frequently  met  with  in  various  countries.    The  name  is  of  Tartar 

origin,  and  is  used  in  Siberia  for  animals  that  burrow  under  ground. 
Manati.     One  of  the  cetacea,  the  sea-cow  or  lamantine  {Trichechus  manatus,  Lin.) 
Marl.    A  mixture  of  clay  and  lime ;  usually  sofl,  but  sometimes  hard,  in  which 

case  it  is  called  indurated  marl. 
Marsupial  Animals.    A  tribe  of  quadrupeds  having  a  sack  or  pouch  under  the 

belly,  in  which  they  carry  their  young.    The  kangaroo  is  a  well-known  exam- 
ple.   Ehfm.f  marsupium,  a  purse. 
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MiiTODoir.    A  gemu  of  fbiiil  eztinet  qnadrapedi  allied  to  tlie  elephtnti ;  lo  called 

from  the  fonn  of  the  hind  teeth  or  grnnden,  which  have  their  ■arftee  corered 

with  conical  mammillary  cresta.    Etym.,  juAo-rtef  mastotf  pap,  and  t/lnf ,  adon^ 

tooth. 
Matrix.    If  a  simple  mineral  or  shell,  in  place  of  being  detached,  be  still  fixed  in 

a  portion  of  rock,  it  is  said  to  be  in  its  matrix.    Matrix^  womb. 
Mechanical  Origin,  Rocks  of.    Rocks  composed  of  sand,  pebbles,  or  fragments, 

are  so  called,  to  distinguish  them  from  those  of  a  uniform  crystalline  texture^ 

which  are  of  chemical  origin. 
Medusa.    A  genus  of  marine  radiated  animals,  without  shells ;  so  called  because 

their  organs  of  motion  spread  out  like  the  snaky  hair  of  the  fabulous  Medusa. 
Meoalosacrus.    A  fossil  gigantic  amphibious  animal  of  the  saurian  or  lizard  and 

crocodile  tribe.    Etym.f  yut^aix»,  megaUf  great,  and  0-ttvp«(,  sauraf  lizard. 
Megatherium.    A  fossil  extinct  quadruped,  resembling  a  gigantic  sloth.    Etym.^ 

f^tyttf  megaj  great,  and  6»piov,  therion,  wild  beast. 
Melastoma.    a  genus  of  Melastomacea,  an  order  of  exotic  planta  of  the  OTcr- 

greeii  tree,  and  shrubby  kinds.    Etym.y  /ufXttc ,  mdas,  black,  and  0'T#/u«t,  ttoma^ 

mouth ;  because  the  fruit  of  one  of  the  species  stains  the  lips. 
Mesotype.    a  simple  mineral,  white,  and  needle-shaped,  one  of  the  Zeolite  family, 

frequently  met  with  in  the  trap-rocks. 
Mftamorphic  Rocks.    For  an  explanation  of  this  term,  see  Vol.  II.,  Ch.  xxTii. 
Mica.    A  simple  mineral,  having  a  shining  silvery  surface,  and  capable  of  being 

split  into  very  thin  elastic  leaves  or  scales.    It  is  often  called  toZc,  in  common 

life ;  but  mineralogists  apply  the  term  talc  to  a  different  mineral.    The  brilliant 

scalea  in  granite  are  mica.    Etifm.,  tnicOf  to  shine.' 
MicA-sLATx,  Mica-schist,  Micaceous  Schistus.    One  of  the  lowest  of  the  stratified 

rocks,  belonging  to  the  hypogene  or  primary  class,  which  is  characterized  by 

being  composed  of  a  large  proportion  of  mica  united  with  quartz. 
Miocene.    See  an  explanation  of  this  term.  Vol.  II.  p.  224. 
MoLASSE.    A  provincial  name  for  a  soft  green  sandstone,  associated  with  marl  and 

conglomerates,  belonging  to  the  Miocene  Tertiary  Period,  extensively  developed 

in  the  lower  country  of  Switzerland.    See  Vol.  II.  p.  348.    ECym.,  French, 

moUCf  soft. 
Mollusc  A,  Molluscous  Animals.     Animals,  such  as  shell-fish,  which,  being 

devoid  of  bones,  have  soft  bodies.    Etym.f  moUis,  sofl. 
Monad.    The  smallest  of  visible  animalcules,  spoken  of  by  Buffon  and  his  followen 

aa  constituting  the  elementary  molecules  of  organic  beings. 
Monitor.    An  animal  of  the  saurian  or  lizard  tribe,  species  of  which  are  found  in 

both  the  fosnil  and  recent  state. 
MoNocoTTLEDONous.    A  grand  division  of  the  vegetable  kingdom  (including  palms, 

grasses,  lilacee,  ^^.),  founded  on  the  plant  having  only  one  eotyUdan,  or  seed 

lobe.    Etym.f  /uiwBft  monoSf  single. 
MoscHus.    A  quadruped  resembling  the  chamoia  or  mountain  goat,  fh)m  which 

the  perfume  musk  is  obtained. 
Mountain  Limestone.    A  aeries  of  limestone  strata,  of  which  the  geological  pod- 

tion  is  immediately  below  the  coal  measures,  and  with  which  they  also  some- 
times alternate.    See  Table  I.,  M,  Vol.  II.  p.  456. 
MoTA.    A  term  applied  in  South  America  to  mud  poured  oat  firom  voloanos  during 

emptions. 
MuLTiLocuLAR.    Many-chambcred,  a  term  applied  to  those  shells  which,  like  the 

nautilus,  ammonite,  and  others,  are  divided  into  many  compartments.    Eiym.^ 

muUuSf  many,  and  loeuluSf  a  partition. 
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MuRUTE  or  800A.  ThB  ■olentifio  nAme  for  commoii  onlinaiy  nlty  beeaxm  it  is 
oompofed  of  muriatic  acid  and  the  alkali  soda. 

Muf  Acxji.  A  family  of  tropical  monoco^ledoBOQf  planta,  laclading  the  banaiia 
and  plaintaiBs. 

If  O0CHZLKALK.  A  Umeitoiie  which,  in  geological  poaitioni  belonga  to  the  red  sand- 
atone  group.  This  formation  has  not  yet  been  found  in  England,  and  the  Ger- 
man name  is  adopted  by  English  geologists.  The  word  means  shell-limeatone. 
£fym.|  muMidj  shell,  and  kalksUm,  limestone.    Bee  Table  I.,  K,  VoL  II.  p.  455. 

Naphtha.  A  Tery  thin,  Tolatile,  inflammable,  and  fluid  mineral  substance,  of 
which  there  are  springs  in  many  countries,  particularly  in  yolcanic  districts. 

NxruPHAR.    A  yellow  water-lily. 

Nxw  Red  Sandstoite.  A  series  of  sandy  and  argillaceous  strata,  the  predominant 
ccAour  of  which  is  brick-red,  but  containing  portions  which  are  of  a  greenish 
gray.  These  occur  often  in  spots  and  stripes,  so  that  the  series  has  sometimes 
been  called  the  variegated  sandstone.  The  European  formation  so  called  lies 
in  a  geological  position  immediately  above  the  magnesian  limestone.  See  Table 
I.,  K,  Vol.  II.  p.  455. 

Nodule.  A  rounded  irxegular-shaped  lump  or  maas.  £(yn.,  diminutive  of  nodus^ 
knot. 

NoBHAL  Groups.  Groups  of  certain  rooks  taken  as  a  rule  or  standard.  Etym,f 
tufrmOf  rule  or  pattern. 

Nucleus.  A  solid  central  piece,  around  which  other  matter  is  collected.  The 
word  is  Latin  for  kemeL 

NuHHULiTEs.  An  extinct  genus  of  the  order  of  molluscous  animals  called  Cephalo- 
poda, of  a  thin  lenticular  shape,  internally  divided  into  small  chamh^w,  Etym^ 
numimtSf  Latin  for  money,  and  xi6oc,  Utkosy  stone,  from  its  resemblance  to  a  coin. 

Obsidian.  A  volcanic  product,  or  species  of  lavs,  very  like  common  green  bottle- 
glass,  which  is  almost  black  in  large  masses,  but  semi-transparent  in  thin  frag- 
ments. Pumice-stone  is  obsidian  in  a  frothy  state ;  produced,  most  probably, 
by  water  that  was  contained  in  or  had  access  to  the  melted  stone,  and  converted 
into  steam.  There  are  very  often  portions  in  masses  of  solid  obsidian,  which 
are  partially  converted  into  pumice. 

OoTOiAN  Deluge.  A  great  inundation  mentioned  in  fabulous  history,  supposed  to 
have  taken  place  in  the  reign  of  Ogyges  in  Attica,  whose  death  is  fixed  in  Blair's 
Chronological  Tables  in  the  year  1764  before  Christ. 

Old  Red  Sandstone.  A  stratified  formation  immediately  below  the  Carboniferous 
Group,  and  sometimes  classed  with  it.    See  Table  1.,  N,  Vol.  II.  p.  456. 

Olivine.  An  olive-coloured,  semi-transparent,  simple  mineral,  very  often  occnnring 
in  the  form  of  grains  and  of  crystals  in  basalt  and  lava. 

Oolite,  Oolitic.  A  limestone,  so  named  because  it  is  composed  of  rounded  parti- 
cles, like  the  roe  or  eggs  of  a  fish.  The  name  is  also  applied  to  a  large  group 
of  strata,  Table  I.,  H,  Vol.  II.  p.  454,  characterized  by  peculiar  foesils,  because 
limestone  of  this  kind  occurs  in  this  group  in  England,  France,  &c.  JE^tym., 
«ov,  oottf  egg,  and  xidoc,  litkos,  stone. 

Opalized  Wood.  Wood  petrified  by  siliceous  earth,  and  acquiring  ft  Btrueture 
similar  to  the  simple  mineral  called  opal. 

Ophidious  Reptiles.  Vertebrated  animals,  such  as  snakes  and  serpents.  Etym., 
o^c,  opkitf  a  serpent 

Oroanic  Remains.  The  remains  of  animals  and  plants  (prgamiud  bodies)  found 
in  a  fossil  state. 
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Orthocsrata,  or  Orthocers.  An  extinct  genm  of  the  order  of  molloieoaa  ani- 
mals, called  Cephalopoda,  that  inhabited  a  long-chambered  conical  shell,  like  a 
straight  horn.    Etym.,  «f6oc,  orthos,  straight,  and  sipcc,  eeras,  horn. 

Osseous  Breccia.  The  cemented  iliass  of  fragments  of  bones  of  extinct  animals 
found  in  caverns  and  fissures.     Osteus  is  a  Latin  adjective,  signifying  bony. 

Osteology.  That  division  of  anatomy  which  treats  of  the  bones;  from  avrtof, 
osteon,  bone,  and  xo^oc,  logoSf  a  discourse. 

Outliers.  When  a  portion  of  a  stratum  occurs  at  some  distance,  detached  from 
the  general  mass  of  the  formation  to  which  it  belongs,  some  practical  mineral 
surveyors  call  it  an  oudur,  and  the  term  is  adopted  in  geological  language. 

Ovate.    The  shape  of  an  egg,    Etym.,  ovusi,  egg. 

OviposiTiiro.    The  laying  of  eggs. 

OiiDE.    The  combination  of  a  metal  with  oxygen ;  rust  is  oxide  of  iron. 

OxTG  Eir .  One  of  the  constituent  parts  of  the  air  of  the  atmosphere ;  that  part  which 
supports  life.  For  a  further  explanation  of  the  word,  consult  elementary  works 
on  chemistry. 

Pacbtderxata.    An  order  of  quadrupeds,  including  the  elephant,  rhinoceros, 

horse,  pig,  &e.,  distinguished  by  having  thick  skins.    Etym.,  wAxv^tPoehusy 

thick,  and  /if/u«,  derma,  skin,  or  hide. 
Pachydermatous.    Belonging  to  pachydermata. 
Palaotherium,  Paleotherb.    a  fossU  extinct  quadruped,  belonging  to  the  order 

FachydermitRy  resembling  a  pig,  or  tapir,  but  of  great  size.    Etym.,  wuhMf^^ 

palaios,  ancient,  and  8-»pitf ,  tkerum,  wild  beast. 
FALE01IT0I.0GT.    The  science  which  treats  of  fossil  remains,  both  animal  and  vege- 

tablft.    JSCym.,  w-axaik,  palaiot,  ancient,  «yT«,  onto,  beings,  and  x«>«f,  logos ,  a 

discourse. 
Pelagian,  Pelagic    Belonging  to  the  deep  sea.    Etym,,  pdagus,  sea. 
pEPERiiro.    An  Italian  name  for  a  particular  kind  of  volcanic  rock,  formed,  like 

tuff,  by  the  cementing  together  of  volcanic  sand,  cinders,  or  scoriss,  Ac. 
Petroleum.    A  liquid  mineral  pitch,  so  called  because  it  is  seen  to  ooze  like  oil  out 

of  the  rock.    Etym.,  petra,  rock,  and  olemm,  oil. 
Phjerogamous  or  Phaherooamic  Flavts.    A  name  given  by  Linnnus  to  those 

plants  in  which  the  reproductive  organs  are  apparent.    Etym,,  ^Affot,  phmurosy 

evident,  or  ^mtfm,  phaino,  to  show,  and  >«^«(,  gomoe,  marriage. 
Phlboilsan  Fields.  Campi  Phlegnei,  or  <*  the  Burnt  Fields."  The  country  around 

Naples,  so  named  by  the  Greeks,  from  the  traces  of  igneous  action  eveiy  where 

visible. 
pHONOLrrB.    See  "  Clinkstone.** 
Phrtoarea.    a  genus  of  four-winged  inaeots,  the  larve  of  which,  called  caddis 

worms,  are  used  by  anglers  as  a  bait. 
Physics.    The  department  of  science  which  treats  of  the  properties  of  natural  bodies, 

laws  of  motion,  ^. ;  sometimes  called  natural  philoeophy  and  wM»Ahfinift^]  phi. 

losophy.    Etym,,  ^a-is,  physis,  nature. 
Pbytologt,  Phttolooical.    The  department  of  science  which  relatM  to  plant*— 

synonymous  with  botany  and  botanical.    Etym,,  ^tov,  phyUm,  plmnty  and  xt>«c^ 

lo^of ,  diseourse. 
Phttophaoods.    Plant-eating.    Etym,,  ^vrtf,  phytom,  plant,  and  ^tym^  pkagein, 

to  eat. 
Pisolite.    A  stone  possessing  a  structure  like  an  agglutination  of  pem.    Etym., 

wivf,  pison,  pea,  and  xiOsr,  Utkas,  ttUm^. 
Pibtia.    Vol.  II.  p.  33.    The  plant  mentioned  by  Malte-Brun  is  probably  the  JPtsfui 

StrmtiotoB^  a  floating  pbtti,  reUilii  to  EngUsh  duck- weed,  bnt  veiy  oraeh  larfsr. 
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Pit  Coal.  Ordinary  coal ;  called  ao  because  it  is  tbCained  by  sinkiBg  pita  in  the 
groand. 

Pitch sToirx.  A  rock  of  a  oniform  texture,  belon^g  to  the  nnatratified  and  vdlcap 
nic  claaaea,  which  baa  an  unctaoui  appearance  like  indurated  pitch. 

Plastic  Clat.  One  of  the  beds  of  the  Eocene  Tertiary  Period  (see  Table  I.,  E, 
Vol.  II.  p.  453),  BO  called  because  it  is  used  for  making  pottery.  The  formation 
to  which  this  name  is  applied  is  a  series  of  beds  chiefly  sands,  with  which  the 
clay  is  associated.    Etymxy  vx^rvm,  plassOf  to  form  or  ftshion. 

Plesiosaoros.  a  fossil  extinct  amphibious  animal,  resembling  the  saurian,  or 
lisard  and  crocodile  tribe.    Etym.f  irxnrt§ff  plesiaiif  near  to,  and  t*vfm^  a  lixard. 

Plioceitx.    See  explanation  of  this  term.  Vol.  II.  p.  223. 

Plutonic  Rocks.  Granite,  porphyry,  and  other  igneous  rocks,  supposed  to  have 
consolidated  from  a  melted  state  at  a  great  depth  from  the  surface.  For  an  ex- 
planation of  this  term,  see  Vol.  II.,  Ch.  xxTi. 

PoLTPARiA.  Corals.  A  numerous  class  of  invertebrated  animals,  belonging  to  the 
great  division  called  Radiata. 

PoRPHTRT.  An  unstratified  or  igneous  rock.  The  term  is  as  old  as  the  time  of 
Pliny,  and  was  applied  to  a  red  rock  with  small,  angular,  white  bodies  diffused 
through  it,  which  are  crystallized  felspar,  brought  from  Egypt.  The  term  is 
hence  applied  to  every  species  of  unstratified  rock  in  which  detached  crystals 
of  felspar  or  some  other  mineral  are  diffused  through  a  base  of  other  mineral 
composition.    £tymi,  ir*^^pA,  parpkyrk,  purple. 

PoBTLARD  LiMESTOHs,  PoRTLAiTD  Beds.  A  series  of  limestone  strata,  belonging  to 
the  upper  part  of  the  Oolite  Group  (see  Table  I.,  H,  Vol.  II.  p.  454),  found 
chiefly  in  England  in  the  Island  of  Portland  on  the  coast  of  Dorsetshire.  The 
great  supply  of  the  building  stone  used  in  London  is  from  these  quarries. 

PozzuoLAiTA.  Volcanic  ashes,  largely  used  as  mortar  for  buildings,  similar  in  nature 
to  what  is  called  in  this  country  Roman  cement.  It  gets  its  name  from  Poi- 
zuoli,  a  town  in  the  bay  of  Naples,  from  which  it  is  shipped  in  large  quantities 
to  all  parts  of  the  Mediterranean. 

Precipitate.  Substances  which  having  been  dissolved  in  a  fluid,  are  separated 
from  it  by  combining  chemically  and  forming  a  solid,  which  falls  to  the  bottom 
of  the  fluid.    This  process  is  the  opposite  to  that  of  chemical  solution. 

Producta.  An  extinct  genus  of  fossil  bivalve  shells,  occurring  only  in  the  older 
secondary  rocks.    It  is  closely  allied  to  the  living  genus  Terebratula. 

Pubescence.  The  soft  hairy  down  on  insects.  Etym,,puhescOf  the  first  growth  of 
the  beard. 

PuDDiifosTONE.    See  **  Conglomerate." 

Pumcx.  A  light  spongy  lava,  chiefly  felspathic,  of  a  white  colour,  produced  by 
gases,  or  watery  vapour  getting  access  to  the  particular  kind  of  glassy  lava 
called  obsidian,  when  in  a  state  of  fVision — ^it  may  be  called  the  froth  of  melted 
volcanic  glass.    The  word  comes  from  the  Latin  name  of  the  stone,  pumex, 

Purbeck  Limestone,  Purbeck  Beds.  Limestone  strata  belonging  to  the  Wealden 
Group.    See  Table  I.  G,  Vol.  II.  p.  454. 

Ptrites  (Iron).  A  compound  of  sulphur  and  iron,  found  usually  in  yellow  ahining 
crjrstals  like  brass,  and  in  almost  every  rock,  stratified  and  unstratified.  The 
shining  metallic  bodies,  so  oflen  seen  in  conmion  roofing  slate,  are  a  &miliar 
example  of  the  mineraL  The  word  is  Greek,  and  comes  from  irtf^,jpyr,  fire ; 
because,  under  particular  circumstances,  the  stone  produces  spontaneous  heat, 
and  even  inflammation. 

Pyrometer.    An  instrument  for  measuring  intense  degrees  of  heat. 

QuADBUMAHA.    The  order  of  mammiferous  animals  to  which  apes  belong.    £fym., 


GLOSSARY.  543 

quadruSf  a  deriyative  of  tbe  Latin  word  for  the  number  four,  and  manuSf  hand ; 

the  four  feet  of  those  animals  being  in  some  degree  usable  as  hands. 
QnA-^UA-T£R8iiL  Dip.    The  dip  of  beds  to  all  points  of  the  compass  around  a  centre, 

as  in  the  case  of  beds  of  lava  round  the  crater  of  a  volcano.    Etym.f  quA-qu& 

versumf  on  every  side. 
Quartz.    A  German  provincial  term,  universally  adopted  in  scientific  language  for 

a  simple  mineral  composed  of  pure  silex,  or  earth  of  flints :  rock-crystal  is  an 

example. 

Red  Marl.  A  term  often  applied  to  the  New  Red  Sandstone,  which  is  the  princi- 
pal member  of  the  Red  Sandstone  Group.    See  Table  I.,  K,  Vol.  IL  p.  455. 

Rkticulatx.  a  structure  of  cross  lines,  like  a  net,  is  said  to  be  reticulated,  jfrom 
reU,  a  net. 

Rock  Salt.  Common  culinary  salt,  or  muriate  of  soda,  found  in  vast  solid  masses 
or  beds,  in  different  formations,  extensively  in  the  New  Red  Sandstone  forma- 
tion, as  in  Cheshire ;  and  it  is  then  called  roc^-salt. 

RuHiNANTiA.  Animals  which  ruminate  or  chew  the  cud,  such  as  the  ox,  deer,  6ui. 
Etym,f  the  Latin  verb  rumino^  meaning  the  same  thing. 

Saccharoid,  Saccharirx.  When  a  stone  has  a  texture  resembling  that  of  loaf- 
sugar.    Etym.f  9-iUL^Mff  tacchary  sugar,  and  uJ'oc,  eidos,  form. 

Salieitt  angle.    In  a  zigzag  line,  [Fijr,  m.l 

a  a  are  the  salient  angles,  b  b  ^  n  ^  n 

the  re-entering  angles.  Etym.f 
salire,  to  leap  or  bound  for- 
ward. 

Salt  Springs.  Springs  of  water  containing  a  large  quantity  of  common  salt.  They 
are  very  abundant  in  Cheshire  and  Worcestershire,  and  culinary  salt  is  obtained 
from  them  by  mere  evaporation. 

Sandstone.  Any  stone  which  is  composed  of  an  agglutination  of  grains  of  sand, 
whether  calcareous,  siliceous,  or  of  any  other  mineral  nature. 

Saurian.    Any  animal  belonging  to  the  lizard  tribe.    Etym.f  0'<u/^«,  saura,  a  lizard. 

Schist  is  often  used  as  synonymous  with  slate;  but  it  may  be  very  useful  to  distin- 
guish between  a  schistose  and  a  slaty  structure.  The  granitic  or  primary  schists, 
as  they  are  termed,  such  as  gneiss,  mica-schist,  and  others,  cannot  be  split  into 
an  indefinite  number  of  parallel  lamins,  like  rocks  which  have  a  true  slaty 
cleavage.  The  uneven  schistose  layers  of  mica-schist  and  gneiss  are  probably 
layers  of  deposition  which  have  assumed  a  crystalline  texture.  See  "  Cleavage." 
Etym.,  schistuSf  adj.  Latin;  that  which  may  be  split 

Schistose  Rocks.    See  **  Schist." 

ScoRiJE.    Volcanic  cinders.    The  word  is  Latin  for  cinders. 

Seams.    Thin  layers  which  separate  two  strata  of  greater  magnitude. 

Secondary  Strata.  An  extensive  series  of  the  stratified  rocks  which  compose  the 
crust  of  the  globe,  with  certain  characters  in  common,  which  distinguish  them 
from  another  series  below  them  called  primary^  and  from  a  third  series  above 
them  called  tertiary.    See  Vol.  IL  p.  432;  and  Table  I.,  Vol.  IL  p.  454. 

Secular  Refrigeration.  The  periodical  cooling  and  consolidation  of  the  globe 
from  a  supposed  original  state  of  fluidity  from  heat    Steculum,  age  or  period. 

Ssdihentart  Rocks,  are  those  which  have  been  formed  by  their  materials  having 
been  thrown  down  from  a  state  of  suspension  or  solution  in  water. 

Sxlenite.    CrystaUized  gypsum,  or  sulphate  of  lime — a  simple  mineral. 

Septaria.  Flattened  balls  of  stone,  generaUy  a  kind  of  iron-stone,  which,  on  being 
split,  are  seen  to  be  separated  in  their  interior  into  irregular  mawns  Ekftn,^ 
septa^  inoloBures. 
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SxsFXirruri.  A  rook  nrainy  oontainiiig  mnch  ma^netian  earth,  fbr  the  moat  |wrt 
nnstratified,  but  sometiinet  appearing  to  be  an  altered  or  metamorphie  atratified 
rock.  Ita  name  is  deriyed  from  frequently  presenting  contrasti  of  colonry  like 
the  ikin  of  tome  lerpents. 

Shale.  A  provincial  term,  adopted  by  geologiata  to  expreae  an  indurated  elaty 
day.    Etfm,,  German  tektUeiif  to  peel,  to  split 

Sbeu.  Marl.  A  deposit  of  clay,  peat,  and  other  snbatanoes  mixed  with  shells, 
which  collects  at  the  bottom  of  lakes. 

SHiifoLs.    The  loose  and  completely  water- worn  gravel  on  the  sea-shore. 

SiLXX.  The  name  of  one  of  the  pure  earths,  being  the  Latin  word  for  JUni,  whieh 
is  wholly  composed  of  that  earth.  French  geok>gists  have  applied  it  as  a  gene- 
ric name  for  all  minerals  composed  entirely  of  that  earth,  of  which  there  are 
many  of  different  external  forms. 

Silica.    One  of  the  pore  earths.    Eiym.^  sUeZf  flint,  becaose  foond  in  that  mineraL 

Silicate.  A  chemical  compound  of  silica  and  another  substance,  such  as  silicate 
of  iron.    Consult  elementary  works  on  chemistry. 

Siliceous.  Of  or  bekniging  to  the  earth  of  flint.  Etfm.,  mUz,  which  see.  A  sili- 
ceous rock  is  one  mainly  composed  of  silex. 

SiLiciFiED.    Any  substance  that  is  petrified  or  mineralized  by  tUiuoui  earth. 

Silt.  The  more  comminuted  sand,  clay,  and  earth,  which  is  transported  by  running 
water.  It  is  oflen  accumulated  by  cnnents  in  banks.  Thus  the  mouth  of  a 
river  is  silted  up  when  its  entrance  into  the  sea  is  impeded  by  such  aoemmila- 
tion  of  loose  materials. 

Simple  Mineral.  Individual  mineral  substancea,  as  distinguished  from  rocks, 
which  last  are  usually  an  aggregation  of  simple  minerals.  They  are  not  ample 
in  regard  to  their  nature ;  for,  when  subjected  to  chemical  analysis,  they  are 
found  to  consist  of  a  variety  of  different  substances.  Pyrites  is  a  simple  mine- 
ral in  the  sense  we  use  the  term,  but  it  is  a  chemical  compound  of  sulphur  and 
iron. 

Slate.    See  <«  Cleavage"  and  <<  Schist." 

SoLFATARA.  A  volcauio  vcnt  from  which  sulphur,  sulphureous,  watery,  and  acid 
vapours  and  gases  are  emitted. 

Sporules.  The  reproductory  corpuscula  (minute  bodies)  of  eryptogamie  plants. 
£tym.,  virofA,  spora,  a  seed. 

Stalactite.  When  water  holding  lime  in  solution  deposits  it  as  it  drops  from  the 
roof  of  a  cavern,  long  rods  of  stone  hang  down  like  icicles,  and  these  are  called 
stalactites.    Etym.,  0-T<tx«f«,  stalaxo,  to  drop. 

Stalagmite.  When  water  holding  lime  in  solution  drops  on  the  floor  of  a  cavern, 
the  water  evaporating  leaves  a  crust  composed  of  layers  of  limestone :  such  a 
crust  is  called  staloffmitej  from  crahayfiiAf  sUdagma^  a  drop,  in  opposition  to  Jlo- 
lactUe,  which  see. 

Statical  Figure.  The  figure  which  results  from  the  equilibrium  offerees.  From 
ff'TAToc,  statoSf  stable,  or  standing  still. 

Sternum.    The  breast  bone,  or  the  flat  bone  occupying  the  front  of  the  chest. 

Stilbite.  A  crystallized  simple  mineral,  usually  white,  one  of  the  ZeoKte  family, 
frequently  included  in  the  mass  of  the  trap  rocks. 

Stratified.    Rocks  arranged  in  the  form  of  strata,  which  see. 

Stratificatiov.    An  arrangement  of  rocks  in  strata^  which  see. 

Strata,  Stratum.  The  term  stratum,  derived  from  the  Latin  verb  stna,  to  strew 
or  lay  out,  means  a  bed  or  mass  of  matter  spread  out  over  a  certain  surface  by 
the  action  of  water,  or  in  some  cases  by  wind.  The  deposition  of  successive 
layers  of  sand  and  gravel  in  the  bed  of  a  river,  or  in  a  canal,  aflbrds  a  perfeet 
illustration  both  of  the  form  aad  origin  of  stratification.    A  large  portioa  <^  the 


